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ABSTRACT 


A number of 3-aroyl-2-arylaziridines have been prepared and 
Pherreie+s( 00 1,5-d1polar cycloaddition reactions with a varicry OF 
aldehydes have been investigated and shown to provide useful synthetic 
FOUtcsmLOnOxaZOlIdimes, Ihe scope of the reaction. and the gross 
S yucture Cr ele Droaucts liave Deen examined, as tds the Orlentation Of 
the cycloaddition, which was shown to proceed in one direction only. 

The reaction has been interpreted as proceeding by thermal 
cleavage of the aziridines at the 2,3-bond to intermediate azomethine 
ylides, which then reacted in [2+3] cycloadditions with the carbonyl 
group of various aldehydes to produce the oxazolidines. 

The stereochemistry of the reaction was examined and was 
observed to be stereoselective. This was attributed to a combination 
of the tendency of the cts azomethine ylide to isomerize to its thermo- 
dynamically more stable trans counterpart, and the known sluggish nature 
of the carbonyl grcup in such [2+3)cycloaddition reactions. 

Tentative asSignments of the stereochemistry of the groups at 
the 4-and 5-positions have been offered. 

An independent synthesis of the oxazolidine ring by a route 
which offered steric control at these positions was attempted but proved 
unsuccessful. 

The range of carbonyl groups was extended to diphenylcyclopro- 


penone which was shown to react with the aziridines in [2+3] 
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cycloaddition reactions at the carbonyl group of diphenylcyclopropenone, 
followed by rearrangement to produce the 4-oxazoline ring system, The 
scope of this reaction was investigated and shown to depend on the 
nature of the group at the 3-position of the aziridine ring. 

These 4-oxazolines displayed marked thermochromism and 
photochromism, and were found to themselves undergo [2+3] cycloaddition 
reactions with suitably substituted acetylenes and olefins to provide 
useful syntheses of furans and 4,5-dihydrofurans, respectively. The 
latter series of compounds were obtained from completely stereospecific 
reactions. 

These reactions were considered to proceed via externally 
stabilized ketocarbene intermediates, obtained from cleavage of the 
4-oxazoline ring at the O-C, bond, followed by cycloaddition to the 
geecy leniceor Oleroni crmultipie pond, 

The 4,5-dihydrofurans themselves were also found to exhibit 
thermochromism, and to undergo [2+3] cycloaddition reactions with 
olefinic species to produce other dihydrofurans. This has been 
rationalized as proceeding via an externally stabilized ketocarbene 
intermediate analogous to that postulated to explain the formation of 
the dihydrofurans. 

Finally a survey of the [2+3] cycloaddition reactions of 


4-oxazolines with species containing heteromultiple bonds was 


undertaken, 
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CHAPTER I 


INTRODUCTION 


The object of this study was to investigate and develop new 
Synthetic routes to certain five-membered heterocyclic ring systems, 
containing one, and especially two hetero atoms within the Tan. ely. 
expansion of small ring heterocyclic compounds, and to study the 
properties and reactions of the products thus obtained. 

In current practice, five-membered heterocyclic ring systems 
are prepared by one of three main methods: 

A) Cyclization, B) Isomerization, C) Cycloaddition. 

Type A usually involve the cyclic condensation of two preformed 
sections, often under acid or base catalysis, to yield the desired 
heterocycle, 

Type B consist of the expansion of small ring heterocycles, 
under catalytic conditions, to isomeric five-membered heterocyclic ring 
compounds, These isomerizations may be effected by acid or nucleophile 
catalysis or be thermally induced. 

Type C represents the 1,3-dipolar or [2+3] cycloaddition 
technique by which a neutral five-membered ring system is formed by the 
combination of a dipolar species in the form of a triatomic 1,3-dipole, 
and a suitable unsaturated acceptor species known as the dipolarophile. 

This thesis will be concerned with the third approach (type C), 


buteitsiserelevant first of all to review the principal synthetic 
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approaches to five-membered heterocyclic ring compounds that are 


representative of the first two methods, 


CYCLIZATION METHODS 


Five-Membered Rings with One Hetero Atom 
ene ee eee LO COM 

There are several methods of ring formation which can be 
applied, sometimes with minor modifications, to the synthesis of 


compounds of general structure I (X = 0, NR, Se 
4 3 


x 


I 
Of these, there are two main classes of cyclization synthesis: 
1) those involving bond formation between the hetero atom X, and 
atoms Cy and Cc. 
2) those involving bond formation between fe hetero atom and 
C, and between atoms Cz and Cy. 
The former class is illustrated by the Paal-Knorr synthesis? 


of furans, pyrroles and thiophenes, eq. [1]. 
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This convenient method involves the treatment of enolizable 
1,4-diketones with a) ammonia or primary amines to give pyrroles, 
b) a dehydrating agent (H7S04, P7205, ZnClj) to produce furans, c) an 
inorganic sulfide, e.g. PoSc to yield thiophenes. The yields in these 
reactions are fair to good, and due to the ready availability of 
enolizable 1,4-dicarbonyl compounds, the reaction is of wide 
applicability. 

The second class of cyclization reactions is exemplified by 
thesknorr pyrrole synthesis. This is the most general and widely 
applicable pyrrole synthesis and involves the acid catalyzed 


condensation of a-aminoketones or a-amino-8-keto esters with ketones or 
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keto esters (equation [2]). 


CH 
Pus PAt; UCase | 3 
Pc =Ve CH ae CO2@9Hs5 
| *+ ; —_———_> ay ai 
CH C Y 
EOS oN ok Newer 
CoH50,C NH, 0 3 C2Hs502 | CH 
H 
-H,0 
[2] 
CH3N £02C2Hs 
C5H, 05 Nec 


57-64% Ref. 3. 


In general, the o-aminoketone is prepared in sttu and is 
thought to form the intermediate shown (Cy-X bond closure), which then 
cyclizes with subsequent expulsion of water to form the pyrrole. The 
main disadvantage in this method is the tendency of a-aminoketones to 
dimerize if the ketone or keto ester is not reactive enough to condense 
at an appreciable rate.4 

An important exception to these two principal classes of 
cyclization reactions is the Hinsberg thiophene synthesis, where the 


new bonds formed are between atoms Cy, and Cz,and Cy and Cy respectively 


as illustrated by equation ieee 
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Synthetic methods leading to the dihydro-compounds of this 


series will be discussed in ChapterIVof this thesis. 


Five-Membered Rings with Two Hetero Atoms 
This brief review of principal cyclization techniques will be 
confined to ring systems containing oxygen and nitrogen as the hetero 
atoms,since such systems were the main subject of this investigation. 
Five-membered ring compounds containing oxygen and nitrogen 
as the hetero atoms can formally be regarded as being derived from 
furan by substitution of one of the ring =CH- groups by a nitrogen atom. 
Insertion of the nitrogen atom at the 2-position leads to a group of 
compounds known as isoxazoles, whereas replacement at the 3-position 


affords the oxazole group of compounds. 


4 ° \ Na 
_ \ Isoxazole | Oxazole 
Na o 


Isoxazoles and their Derivatives 
The methods of formation of isoxazoles are all based upon the 


addition of a species containing the preformed O-N bond to an acceptor 
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molecule of the desired oxidation level. The most general and widely 
applicable synthetic method involves the addition of hydroxylamine to 


a 1,3-dicarbonyl compound or to a precursor of such a species, 


equation [4]. 


NH. OH ie 
R-C-CHg-C-R' = =—-——> | R-C-CH5-C-R!' ———> \ 


(-H,0 
en ) Ho” No 
H-O 


[4] R! We 


R ge 


| 
Oe 0 


A wide variety of 1,3-dicarbonyl compounds may be used, the 
only limitation being that the attached substituents must not sterically 
hinder the cyclization of the monoxime intermediate. 

This and other methods, both cyclizations and 1,3-dipolar 
Cycloacaitions, tor the Synthesis of 1S0xXazoles and Chein derivatives, 
isoxazolines and isoxazolidines,as well as a thorough discussion of 
their properties and reactions are to be found in reviews by Barnes / 


and Quilico.® 


Oxazoles and their Derivatives 

The oxazole ring system has received less attention than the 
isomeric isoxazole system and most of the progress in this field was as 
a consequence of the Anglo-American work on the synthesis of penicillin,” 


for although this molecule contains no oxazole ring, many such derivatives 


were prepared in the course of the work, some being possible 
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intermediates in a synthesis of the antibiotic, 


The most general synthetic method is the Robinson-Gabriel 


210 : : 
synthesis! rt] which involves the cyclization of a-acylamino ketones as 


shown in equation [5]. 


[5] eae H 
H»SO ig 
2994 H20 N 
Gk GC.) a e ‘ aii) 
| | A/2 mins LL Be 
0 O | CeHs Bed G52 CH CH 
Hee b05) ease 6s 


Ref. #10: 


Various dehydrating agents can be used and the reaction 
provides good yields, but is generally restricted to derivatives 
bearing substituents on the 2- and 5-positions. There are many 
modifications of this general method in the literature, /4 

Another very useful approach involves the addition of imino 
ethers to 2-aminocarbonyl compounds, a modification of which can be 
applied directly to the synthesis of oxazole itself which is not 
available by the other methods. A representative reaction, taken from 


the work of Cornforth and Huang! is shown in equation [6]. 
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According to Paquette, !4 this mechanism is feasible since 
several of the intermediates have been isolated in the course of the 
Teact 10). ihe yretus 01 tiils reaction are good, 

These methods and others of lesser importance are thoroughly 
discussed in the review by Cornforth, !4 

The dihydro-derivatives of Eres ae known as oxazolines, 


all three of which are now known, 
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N3 4 n3 4 na 
5 Ne a a: 5 we 
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0 0 
2-oxazoline 3-oxazoline 4-oxazoline 


A literature survey has shown that the 3-oxazoline system is 
. ‘ . L5G Aah 
relatively rare, and with the exception of a few cases’~»*» where an 


imino-substituent was present at the 2-position, the 4-oxazolines were 
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unknown prior to 1968, 


The 2-oxazoline ring system has been known Since 1889, and 
Gabriel's method!’ is Still utilized for the preparation of simple 


2-oxazolines, equation [7]. 


CH>—N-H ae : N 
eb s H50 OH 
fj ee L, Wee H L MM 
r-CHy C-CéHs 
Nl oreeiecsus 5 Cols 
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50% 


It was later found!® that 8-chloroalkylbenzamide gave improved 
yields of 2-oxazolines. 

2-Oxazolines can also be obtained from N-acyl derivatives of 
8-hydroxyamines under mild conditions by several methods, one of 


which?? is shown in equation [8]. 


HCO. CCH —N-H —> 
gy, 
[8] | 
HOCH, C-CgHe , C6Hs 
0 


The completely reduced oxazoles are known as oxazolidines, a 
class of compounds that form the subject of ChapterIlI of this thesis, 
and thus their preparative methods will be fully reviewed in that 
Secu vou 

The other major oxazole derivatives, oxazolones, oxazolidones, 
and oxazolidinediones, will not be discussed here, and the review by 


Cornforth!* is recommended for the properties, reactions, and methods 
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of preparation of these systems, 
ISOMERIZATION METHODS 


These isomerization reactions, whereby a small heterocyclic 
ring system is expanded into a five-membered heterocyclic ming. are 
essentially confined to aziridine derivatives and are catalyzed by 
acids, nucleophilic reagents, and by pyrolysis. The aziridine ring is 
cleaved in general at a carbon-nitrogen bond, although there are now 
several examples of carbon-carbon bond cleavage in the literature. 

These isomerization reactions are discussed here because they 
are directly relevant to the main body of this thesis in that they 
illustrate many of the reactions to be expected of substituted 


aziridines, 


Five-Membered Rings with One Hetero Atom 

A literature survey has shown that there are relatively few 
examples of five-membered heterocyclic ring compounds containing one 
hetero atom that are produced by isomerization of substituted 
aziridines. One recorded example occurs when the aziridine ring bears 
an isopropylidene group at the 2-position. This under nucleophilic 
catalysis has been shown by Scheiner~9 to produce the pyrroline 
derivative as indicated in equation [9]. 

H3 
CH, /CH 

[9] a a pdt Maat 
NI | Se 


| 
aE CeH4-p-Br 
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lille catalyzed isomerizations will be 


briefly discussed in the next Section, 


Atkinson and Rees 


21 have reported a thermal isomerization of 


vinylaziridines to produce substituted pyrrolines as shown in equation 
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D 180° — 
. / 40 min a 
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A different type of reaction possibly involving carbon-carbon 


bond cleavage has been utilized to produce isoindolenes in good 


yield,? equation, Li 
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Five-Membered Rings with Two Hetero Atoms 

These isomerization reactions of substituted aziridines have 
led to useful syntheses of 2-oxazolines 7° imidazolines,7° 
imidazolidines ,7° thiazolines ,?° pyrazolines ,23 triazolines,7° and 


24,25 This brief review will be confined to the cases where 


oxazoles, 
the hetero atoms are oxygen and nitrogen and sulfur and nitrogen. 

With few exceptions,24,25 the substrates required for these 
reactions are N-acyl and N-aroylaziridines or their thio-analogues, all 
of which can be conveniently prepared by the action of aziridine or its 
2- and 2,3-substituted derivatives on carbony 12638, 39 and thiocarbonyl 

Za) 
Systems ya Peqdations| 12]. 


R R 
1 base || 1 


[12] R-C-X + H-N R—C—N 
Peewee ee Cle OAC OR; OR = alkyl eary 1 
Ry 
Hea Lky agary 
Ro 
Much of the detailed elucidation of these aziridine derivative 


isomerizations is due to the work of Heine and his school.*> 


Acid Catalyzed Isomerizations 

The earliest example of this type was described by Gabriel and 
Stelzner,~° who converted l-aziridinethiocarboxanilide into 
2-anilino-2-thiazoline by heating the compound in concentrated 


hydrochloric acid. Although their original product structure assignment 
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was shown to be erroneous, more recent work by Deutsch and Fanta?” has 


produced a 90% yield of this product, equation [13]. 


go conc, "HCl Va 
1S) Be ———_—__—___> cats 
| A ae | 


S 
This reaction has been extended to a number of 1l-substituted 
aziridines and aqueous sulfuric acid or phosphoric acid may serve as 


ZS 29 


the catalyst. It has also been shown} 


that when the aziridine ring 

bears substituents on the 2- and 3-positions, the expected thiazoline 

is obtained but in reduced yield along with other by-products. The 

mechanism postulated by Heine“? could account for this result. 
l-Aroylaziridines are readily isomerized into 2-ary1-2-oxazolines 


by the action of aluminium halides in heptane under reflux, °7 or by 


concentrated sulfuric acid at room temperature, >! equation [14]. 


CH. 
0 ——— 
CH H,SO N 
poh i 
[14] p-O2N-C6H4-C-N ——> p-O2N-CeHy- 
RT \ el eth: 


97% CHz 
In contrast to the case of the sulfur system described before ,79 
this was the only product obtained from the reaction. 


These acid catalyzed isomerizations, especially in strong acid 


25 


have been rationalized by Heine“~” as shown in equation [15]. 
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ite Bi Ls 
CH 0 A 
Seer RON re ‘ 
| ne SN 
H | 
H 
[15] 
CH CHz 
N re O—\— CH; 0— cH, 
= + 
CH \ -H 
= rat R — rk 


Protonation of the amido nitrogen and scission of the 
aziridinium ring to yield the more stable tertiary carbonium ion, 
followed by ring closure possibly by the mechanism shown, and subsequent 
deprotonation, would yield the required 2-oxazoline. The direction of 
ring opening is in agreement with other reported work on the acid 
cleavage of unsymmetrical aziridines 94999 

Whilst the isomerization of l-aroylaziridines to 2-aryl-2- 
oxazolines under Lewis acid catalysis has been well established, °9 
related isomerizations of the 3-aroylaziridine system has only recently 
been reported, “4929 equation [16]. 
| 
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A possible explanation offered by Padwa for the oxazole 
formation illustrates the case where the aziridine ring cleaves across 
the carbon-carbon bond, due possibly to coordination of the 
diphenyliodonium iodide with the carbonyl group, (equation [17]). 
Subsequent ring closure to the intermediate 4-oxazoline and oxidation 
would readily account for the product. 

fols yore 
ft CH 
(CH) 511 
H CeHs 


H 
Sotbeine 
bine Die’; p-CH,-C,H, 


[17] 





an 


N——. 


| 
i A 
p-CH3-CeHg \ eer ma aes 


Nucleophile Catalyzed Isomerizations 


The sensitivity of all activated aziridines to ring opening by 


nucleophiles has provided a useful synthetic pathway to a wide variety 


of five-membered heterocyclic ring compounds, especially the 2-oxazoline 


and 2-thiazoline systems. By this method, which was first observed in 
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1959, l-aroylaziridines are readily isomerized in high yields to 
2-aryl-2-oxazolines in acetone solution containing sodium iodide or 


potassium thiocyanate!» $4 as shown in equation [18]. 


: CH; ae 
| us its uy, CH; 
[18] p-OgN-CeHy-C- —— > p-02N-CoHy [ 
O74, 


93% met. SI. 


It is of interest to compare the sole product of this reaction 
(equation [18]), with that of equation [14], where the same substrate 
was isomerized under acid catalysis. In the above case (equation {isi}. 
the gem-dimethyl groups are attached at the 4-position, whereas in the 
acid catalyzed case (equation [14]) they are at the S-position. This 


is due to mechanistic differences in the pathways of the reactions. 


CH 


CHz 
5 
N 
= CH 
p-O.N-CgHy-C-N Pine 
O 


JET RR N 
/ CH [14] 
0 CH 


=O 


The actual mechanism by which these nucleophile catalyzed 


isomerizations proceed is still in doubt. The initial step has been 


envisionaged as either attack by the nucleophile on the carbonyl group 


or on one of the carbon atoms of the aziridine ring (the less hindered 
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one if the ring bears Substituents), The consensus of current opinion®° 


seems to favour the latter pathway and the subsequent steps may proceed 


asmineequation, 119. 


CH. 
CH I” | ¢ 
p-ON-C¢H4-C-N ——* | p-02N-CgHy-C-N-C-CH5-1 
A 
| CH, 
[19] cyclization 
ce Se 8 
O CHs 
N CH ite | 
| p-ON-C¢H4-C=N-C-CH5-1 
p-O2N-CgHy | 
No CH, 


A 

Cyclization of intermediate A with expulsion of the iodide ion 
would lead to the product 2-oxazoline. Since this reaction seems to 
involve addition and then elimination of the nucleophile,*the latter 
must be of necessity a good leaving group, CNG Ae a eR rARESCN Noe 

The stereochemistry involved in these isomerizations is in 
accordance with the proposed mechanism for the reaction OcCcurs,-<in the 
vast majority of cases, with overall retention (two inversions) of 
configuration. Where this is not the case, steric factors may be 
involved, *° 

An interesting exception to the nucleophile addition-elimination 

Scheme occurs when l-aziridine carboxanilides are treated with potassium 
enigcyatere instead of sodium iodide in acetone solution, for here 


2-(3-arylureido)-2-thiazolines are obtained instead of the expected 


2-oxazoline, °° equation [20]. 
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O 


O 
N 
| KSCN | a 
[20] ArNH-C-N g ArNH-C-NH MS 


Thermal Isomerizations 

The first reported thermal isomerization of 1l-substituted 
aziridines occurred when Gabriel and Stelzner28 observed that 
1-benzoylaziridine isomerized to 2-pheny1-2-oxazoline upon 


distillation at 240°, equation [21]. 


piesa) 
: \ 
| A CeHs 
[21] CgHe-C- . oa eee 0 
25% 


Thermal isomerization of carbon-unsubstituted l-acyl or 
l-aroylaziridines is a fairly general route to 2-oxazolines, 9/238, 39 
Similarly, 2-amino- or 2-arylamino-2-thiazolines have been obtained 


40,41 


from the corresponding aziridines. The general situation is 


shown in equation [22]. 


Pea = ie 





(22) R-C- 
Rawal Valea. Lo Wik, NR ose NORE key eo NR: 


It would appear that the two previous methods provide superior 
yields to the thermal method and also avoid the possibility of 


polymerization, which is reported to occur frequently in the latter 
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procedure, 42 


When the aziridine ring bears alkyl substituents at the 2- and 
3-positions a different process occurs, leading to acyclic amides in 
good yields instead of heterocyclic compounds 43,44,45 as illustrated 


by equation [23]. 


H OH 


pene = GH wien: H>C=CH-CH5-N=C-R 


Ny 0 


| 
H CN | Tl 
| H>C=CHCH5NHCR 
[23] O=C 
R 


Another thermal pathway has recently been observed by Heine and 


46 


coworkers in an isomerization (equation [24]) which closely resembles 


that previously reported by Scheiner.?? 


0 
| b N 
p-O.N-CH,-C-N Se p-05N-Cotty came! 
toluene Np 


[24] 48h 
97% 


avis the thermal isomerization 


Despites ayreport sto the contrary , 
of l-acylaziridines to 2-oxazolines has been found to be stereo- 
specific, 49°79 and recent work has shown that isomerization of a cis 


or trans-2,3-diphenylaziridine derivative occurs with retention of 


configuration,” equation [25]. 
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Co Hc Ces 


[25] i\ 





A Hs C6 
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, Ho Cg 





This result of Heine and Kaplan has mechanistic significance 


Since the same reaction when catalyzed by iodide ion produces the 


trans-2-oxazoline.>+ 


Mechanisms for these thermal isomerizations have been proposed 
by Heine, and by Fanta, and involve either a four-center transition 


state, 3200 or an intermediate tight ion pair, 48,50 


OX yi ~ a 
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In concluding this section on isomerization reactions of 
Substituted aziridines leading to five-membered heterocyclic ring 
compounds, it may be said that for preparative purposes the acid, and 
nucleophile catalyzed methods hold distinct advantages over the thermal 
technique in that the yields are superior, the reaction conditions are 
less severe, especially in the nucleophile catalyzed case, and in 
eae where the aziridine ring bears alkyl or vinyl substituents on 


the 2- or 3-positions, the former pair are the only possible methods 


available. 
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CYCLOADDITION METHODS 
ett 


In this thesis, a cycloaddition wil] be defined as the 
combination of two molecular groupings with respectively, m and n atoms, 
to form a ring system of [m+n] members.°2 In these cases the reactants 
unite to form the cyclic compound by creating two new o bonds at the 
expense of two m bonds. Furthermore the eyeloqddieion Concept 1s 
employed where the new o bonds are formed Simultaneously as well as 
where new bond formation is not Synchronous, An illustrative example 
would be the quantitative [2+3] cycloaddition of phenyl azide and di- 


cyclopentadiene as shown in equation [26].°3 


C-H 


. 
0 Ble = Col 
i iL 
N 
100% 


In accordance with the above definition, cycloaddition reactions 
can be classified according to the number of ring atoms contributed by 
each of the reactants and a variety of classes have now been 
experimentally verified. Of these the [2+2], [2+3], and [2+4] classes 
form the most important groups. Examples of classes of lesser importance 
are given in the review by Woodward and Hoffmam, 

Since this thesis is concerned with the study of certain 
five-membered heterocycles, only [2+3] cycloaddition reactions will be 
discussed here. Reviews of the [2+2] class ,24295596 and the [2+4] 


class ,99,57,58 are to be found in the literature. 
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For these cycloaddition reactions leading to five-membered 
heterocyclic ring systems, two interchangeable titles are common ly 
used in the current literature: - 
1) t[2+S]9Cycloaddition reactions, 2) 1,3-Dipolar Cycloaddition reactions. 
The former specifies the number of atoms in the combining 
moieties in a clear and concise manner and implies the exact size of the 
einpebeine cCormedse 1263s, 2-5 315. 
The latter name is due to Huisgen, whose researches produced 
an understanding of the generality, scope, and mechanism of these 
reactions. His formulation is useful in predicting the overall result 
of a reaction, but the name itself needs care in interpretation, as 
will be explained later. 


In general throughout this thesis reactions of the type shown, 
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d . ontess. wag / \ 


Cc 
Sepa va 





Will be referred to as [2+3] cycloadditions, though where it is 
appropriate, Huisgen's terminology will be adopted. 

As becomes evident when the synthetic approaches to 
five-membered ring heterocycles are examined, there are few general 
methods available, though there are an abundance of special methods to 
Specific types of compounds. This is particularly true of cases where 
the ring contains more than one hetero atom. One of the most attractive 
features of [2+3] cycloaddition reactions, is the extremely wide variety 


of heterocyclic compounds that become available by this method. 
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[2+3] Cycloaddition eee oe have been known for some seventy years 
among the first of which, was the Synthesis of triazoles by Michael°9 
who added organic azides to acetylenes, The first comprehensive review 
on the subject © appeared in 1938, and covered mainly the chemistry of 
azides, aliphatic diazo compounds, nitrones and nitrile oxides. 


Although Smith©? 


recognized that these systems were capable of 
undergoing 1,3-additions, he did not clearly separate the cycloaddition 
reactions from other ones, especially from the additions of bases to 

the reactants. Perhaps for this reason, Smith's review attracted little 
attention as judged by the scarcity of publications in this field 
between 1938 and 1958, 

In 1957 Huisgen and his school commenced their work on [2+3] 
cycloaddition reactions, by investigating the mechanism of the addition 
of diazoalkanes to angularly strained double bond systems. Over the 
next three years sufficient progress was made to permit recognition of 
a general reaction scheme, and to allow new classes of triatomic 
1,3-dipoles to be predicted, and experimentally verified in new 
reactions ,©l 

It is convenient at this point to define and classify the known 
1,3-dipoles, and to introduce some terminology associated with [2+3] 
cycloaddition reactions. 

Huisgen has stated that [2+3] cycloaddition reactions leading 
to uncharged five-membered ring compounds cannot occur with octet 
62 


stabilized reactants which possess no formal charge. Lisis thererore 


necessary to define a triatomic system a-b-c,such that atom a possesses 


an incomplete valence shell and a positive formal charge, (a has an 
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electron sextet) and that atom c has an unshared electron pair and thus 
a formal negative charge. Such a Species is called a 1,3-dipole and 


can be represented as shown. 
+ - - + 
a e A 2) © 
ica oe ae 


It is important to realize that these zwitterionic structures are 
ambivalent in the l- and 3-positions, and Huisgen has emphasized that 
it is not meaningful to assign electrophilic and nucleophilic centers 
in the 1,3-dipole. When however atoms a and c bear electron donating 
and electron releasing substituents, this becomes a debatable point 
about which more will be said in later sections of this thesis. When 
such a 1,3-dipole combines with any double (or triple) bond system, 
d=e, known as the dipolarophile, to yield an uncharged five-membered 
ring,the reaction is known as a [2+3] cycloaddition as shown in 


Couaeion 127i). 


e€ 


aN 


Cc 


[27] eee ee 


Compounds containing an electron sextet at a carbon, nitrogen 
or oxygen atom tend to be unstable © This difficulty can be overcome 
if the central atom b, contains an unshared electron pair that can assist 
Neo a to complete its octet. This will leave atom b with a positive 
charge in creating a new resonance structure in which all the atoms a, 


b, c have complete octets of electrons. Such systems are known as 
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1,3-dipoles with internal octet Stabilization, and the earliest known 


and most stable 1,3-dipoles possess this system, 


d=b-€ <——> —ash-g b=N 

+ = + = 

o-D=GeeStaapar- a=b-c bDENR, 10. 
Sextet Form Octet Form 


The vast majority of 1,3-dipoles that have been studied can be 
classified into three groups, depending on whether or not the central 
atom b possesses an unshared electron pair, and if there is a double 
bond between atoms a and b in the sextet formula. 

Group A comprise 1,3-dipoles possessing both a double bond and an 
unsharedeelectron pair on the central atom in the 1,3-dipolar (sextet) 


form. 
bee C—> ab-§ C5 ant 


In this group, atoms a and c¢ may represent carbon, nitrogen 
and oxygen, but the central atom b must be nitrogen since no other atom 
in the first row of the periodic table possesses an unshared electron 
pair while remaining in the triply bonded neutral state. The 


1,3-dipolar systems in group A are shown in Table Tea 








: ee "ne eee 
edd 5.5 — > a 


0 sed \ gets Pease at 


4 


- 4 | mact Jot70 mii cial ~ 















od nua bathuteased oved sale egbaqiber (1 20° yzixo (et tabv ste 
. | =e 


lavanao git fon x0 seltedu' mo galGteqeb yequorg setts¢ 
etduot. 6.ef axyds 21 Isinds. aay Notsosis bhtedein nb eoces 
stoned rien 2 outs, ao bas 5 eee tk ne 

om bas Lind ofdueb « sod gatezorzoy eoloq thé. s2iTqQnod ~ 


(753422) ee logi-Fyy, ody i mode bittnes.on) wo tie fextosieys 


ie ee Fee 6 > ae 


dépoxsin .godxss steastust yer 2 bas 6 emo3s ,qQuotgeetedt a 
mods rlto on gonte ta ints ae d Od, fer3ngo sia sud ye 


mos F99E9 bonnitemt ing euenaezod atdas siboi7s¢ a te wor sersts 
we 

edt. vandse devia Sebi crates ot At quite kala 

Le 
Oy otdee at ‘tlodz err h betes ne é 


26 


TABLE: J 


+ 


a Z 
Group A: a=b-c €— a=b-c 


Sr ee a ow | 


Atom System 1,3-Dipolar Form Octet Form Class Name 
ee, ie De 
ck “7 ae 
C-N-C SG=N-C~ -C=N-C\ Nitrile ylide 
+ sa + 

C-N-N =G-N-N- -C=N-N- Nitrile imine 
+ Fp +7 

C-N-O = G=N-O; -C=N-0: Nitrile oxide 
oe Be ae) : 

N-N-C : N=N-C\ >N=N-CY Diazoalkane 
+ = + 

N-N-N IN ENON > N=N-N- Azide 
+ oD i ss 

N-N-O -=N=N-O: sN=N-O2 Nitrous oxide 


The synthetic utility of some 1,3-dipoles from this group in 
[2+3] cycloaddition reactions is illustrated by the following selected 
examples from the literature, equations [28], [29]. As may be observed, 
the 1,3-dipoles themselves are mostly generated in sttu,although some 


are capable of being isolated. 
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Nitrile ylide 


N-CH,-C_H ,-p-N0O9 


2m On .4 
Vi N(C5He) 3 
CeH.-C am OR t, 
\ 0-20° Ohh sesh: CH- CH4~P-NOz 
er is) 4 
Ge] -HCl] 
Bint 
CH - C=N-CH-CeH4-p-NO2 
[28] H,C=CH-CN 
PAN 
chloranil wo at re 
CeH bi tana’ <2 
CeH ™ CgHyg-p-NO One 
6's ‘i Cae? SS 
| 
H 
Isomeric, 86% Ref. 64, 
Nitrile imine 
7 = 
r Ce6Hs -C=N-N-CeHe 
C6Hs— N-CgHe ce ac 
-N ob Piss 
2 C-H--C=N-N-C-H 
5 De he oes 
N ——=N . 
[29] CH, C=CCO,C,H. 


Zu, 


+ as 
CgHg-C=N-CH-CcH4-p-NO» 


C225 Zee A6 Hc 


846 Ref. 65. 
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Group B comprise 1,3-dipoles possessing an unshared electron pair or 


the central atom b, but no double bond in the 1,3-dipolar form. 


ae 


SO Gee ne 


Since there is no double bond in the 1,3-dipolar form, both 
nitrogen and oxygen may now serve as the central atom,and consequently 
group B is larger in number than group A. Atoms a and c may again 
represent carbon, nitrogen and oxygen, as the first row of the periodic 
table forms the framework of the group. Although most of these 
1,3-dipoles have been Successfully employed in cycloaddition reactions, 
there are some systems that have yet to be experimentally verified and 


they appear in Table II denoted by an asterisk ,O°P 
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TABLE IT 


Group B: vers eee epee 


he 


Atom System 1,3-Dipolar Form Octet Form Class Name 
mana 
a See ee Be a 
C-N-C 7C-N-CS -C=N-Ce Azomethine ylide 
eye ees N se 6 aes 
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Illustrative [2+3] cycloaddition reactions that are 
representative of the 1,3-dipoles of group B are shown in equations 
[30], [31]. Once again the majority of these species are generated 
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All of the 1,3-dipoles thus far considered (groups A and B) 
have one common feature, namely internal octet Stabilization, and even 
within group B, not AU them have been experimentally verified. The 
abandoning of this feature of internal octet stabilization leads to the 
third major group of 1,3-dipoles. 

Group C comprising 1,3-dipoles without an electron pair on the central 


atom but containing a double bond. 
+ = 
a=b-c €¢—) a-b=c 


Working again within the bounds of the first row of the periodic 
table, the 1,3-dipoles of group C all contain an unsaturated (sp? 
hybridized) carbon atom as the central atom and thus no internal octet 
Stabilization is permitted. Atoms a and c may represent carbon, 
nitrogen and oxygen. As will be shown later, this group bears a somewhat 
dubious relationship to groups A and B, 

These 1,3-dipoles of group C are particularly difficult to study 
owing to their short lifetimes and high reactivity. They must therefore 
be generated in sttu and trapped by reactive dipolarophiles, and many 
successful [2+3] cycloaddition reactions have been reported with certain 
members of the group. eave class is especially relevant to this thesis, 
Since Chapter IV contains examples of externally stabilized ketocarbenes 
which were encountered in the course of the research. Table I11°%° 


contains the 1,3-dipoles of group C which, since they are the least 


Studied,may provide a fruitful area for future research. 
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Atom System 1,3-Dipolar Form Alternate Form Class Name 
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Most of the published cycloaddition reactions involving group C 


1,3-dipoles has concerned the ketocarbene and ketonitrene systems, and 


thus it is from these classes that the representative reactions will be 


taken, equations [32], [33], [34]. 
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While groups A, B, and C constitute by far the majority of 
1,3-dipoles studied to date, many others can be visualized, especially 
if elements of further rows of the periodic table are taken into 
Gonsidenariion; (e.g., S,P ) and Huisgen has already made advances in 
this region with his work on thioketocarbenes, /} 

We could also consider systems devoid of internal octet 
Stabilization which possess a saturated carbon atom at the central 


position b. These would formally constitute a subclass of group C and 


may be grouped as follows: - 
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Here it is impossible to exchange the charges in such systems 
due to the insulating effect of the sp? hybridized central carbon atom. 
Such 1,3-dipolar species could occur as short-lived intermediates, and 
five-membered ring compounds from such species have been obtained, /¢ 


as shown in equation [35]. 
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As can be seen fis variety of [2+3] cycloaddition reactions 
forces recognition of the potential "1,3-dipolar character" of any 
Suitable substrate, and while the general presentation by Huis gen®2 
seems valid, each case should be examined on its own merits as regards 
the reacting species, especially in the group C 1,3-dipoles and the 
subclass with the tetrahedral carbon atom at the central position. 
Cautionary remarks on this point have appeared in the literature by 


73 and Overberger. /4 


Baldwin 

It has previously been mentioned that if the central atom b, 
of the 1,3-dipole is carbon, then internal octet stabilization of the 
species is impossible. Huisgen has postulated Honeveneerher if there 


is a ligand, L, which possesses a free electron pair, attached to atom 


a, this 1,3-dipole may be stabilized by external octet stabilization. /> 
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This postulate has been experimentally verified by Ugi and 


Rosendahl, ”° equation [36]. 
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Ihisptopic or extemal octet stabilization will be considered 
in greater detail in Chapter \V. of this thesis. 

In all previous examples of [2+3] cycloadditions the 
five-membered ring produced was uncharged. A few variations from this 
scheme are observed in the reactions of anionic 1,3-dipoles with certain 


dipolarophiles where a charged product is obtained, ’/ equation [37]. 
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The charged ring product would be expected to benefit from the resonance 
Stabilization of the tetrazole anion. 

Having defined and classified V,2-dipoles. and i1lustrated 
their thet utility in [2+3] cycloaddition reactions by selected 
examples, the available evidence for a mechanism of such reactions will 
next be examined, for although the concept of "cycloaddition" provides a 
formal description of an overall process, it does not present a 
mechanistic interpretation. 

The mechanistic discussions in the literature tend to be 
confined to 1,3-dipoles with internal octet stabilization, (groups A and 
B), for those of group C present problems for a mechanistic study due to 
their very short lifetimes and high reactivities. 

The following mechanisms have been proposed for [2+3] 
cycloaddition reactions. 

1) A multi-center or concerted reaction, with a cyclic electron 


shift as proposed by Huis gen.°? 
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I1)) Astwo-stepprocess in which. the two-new.o: bonds are formed 
one after the other, and which involves a dipolar 


intermediate, °2 
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III) A two-step mechanism involving a Spin-paired diradical 


intermediate as proposed by Firestone, /® 
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For the majority of [2+3] cycloadditions, the weight of 
experimental evidence favours the first mechanism in that it presents a 
strong case against the other two. It is fair to mention however that 
the concerted nature of the cycloaddition, even for 1,3-dipoles of 
Tables I and II, has not been definitely established in all cases and 
each case should be examined in its own right. 
Any mechanism formulated for a [2+3] cycloaddition reaction 
Wust accountimnot onmlystor the reaction product, butualso, for).the 
following phenomena: - a) activation parameters, b) the effect of 
solvent and substituents on the rate constant, c) the selectivity 
observed with cis-trans isomeric dipolarophiles, d) orientation 
phenomena, 


Huisgen has stated that the energy profile for the [2+3] 
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cycloadditions studied by his group contain a single activation peak 
and has used the [2+3] cycloaddition reaction of a diazoalkane with the 
angularly strained, electron rich, bicycloheptene to compare the 
concerted mechanism I with the two-step process ih. equation [38]. 
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In the accompanying energy profile the dip corresponds to the 


intermediate in the two-step process, 
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Figure if Reaction coordinate > 


It has also been shown’? (see Table IV), that the order of 
reactivity of substituted diazomethanes in cycloaddition reactions with 


model dipolarophiles is opposite to that expected for reaction path: 11; 
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TABLE “LV 
Rates of Addition of Diazoalkanes on to 
Angularly Strained Double Bond Systems* 


SS ee ee 


Diazoalkane Relative Rate of Addition 
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A characteristic of multi-center reactions is that they possess 
a high degree of order in the transition state. Thus in [2+3] 
cycloadditions, the reactants would be expected to be precisely aligned 
with respect to each other and exhibit large negative entropies of 
activation and moderate enthalpy requirements. That this is the case 
for [2+3] cycloaddition reactions in general , °9 is evidence for a 
concerted mechanism for most reactions. 


Huisgen has also presented activation energy calculations and 


chemical evidence®! to refute the diradical mechanism as proposed by 
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Firestone, 78 


It would be expected that dependence of the rate of the reaction 
on the solvent would prove a rigorous test for the proposed mechanisms , 
especially the second one, in which the zwitterionic intermediate 
should be facilitated by solvents of Kish polanity. Conversely, for the 
concerted mechanism, the nature of the solvent should have little effect 
on the reaction rate, with the proviso that the components form a 
homogeneous solution. The results of kinetic studies performed by 
Huisgen show that [2+3] cycloaddition reactions are only moderately 
influenced by solvent polarity, /9»82 Indeed it was often found that 
spreads of rate constants by a factor of no less than 1/6,and no more 
than 10, were found as the polarity of the solvent was increased. This 
must indicate that the charge Separation in the reactants and in the 
transition state must be similar. Table V illustrates the small 
variation in the rate constant for the [2+3] cycloaddition of 


diphenyldiazomethane and dimethyl fumarate at 40°C in various solvents®2 
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Even cycloadditions of 1,3-dipoles whose dipole moment exceeded 
°D were only moderately retarded as the solvent polarity increased, /9>81 

This evidence would tend to disfavour a two-step mechanism 
involving a zwitterionic intermediate for the vast majority of these 
Reactions. “ In considering the effect of solvent on the rates of [2+3] 
cycloaddition reactions it should be realized that the term 1,3-dipole 
must not be misunderstood to imply a high dipole moment for the majority 
Omatheispecies."ithis: can be illustrated by reference to 


diphenyldiazomethane, 


=e ue 

RGGHS) 2GN=N GB € ates WE CoH eS C=NEN 
4 

' | { 


Octet structures 
= + e + v 
(CgHe ) oC-N=N <> (CgHs ) 9C=N-N — (CgHs ) 9C-N=N DeEXtel Structures 


As can be seen there is charge compensation when all the 
structures (especially the octet Structures) are considered,and this 
resonance effect reduces the dipole moment of diphenyldiazomethane to 
1.42D from 6-7D,which is the value calculated for a Single resonance 
structure.’9 There are admittedly some species that possess dipole 
moments that exceed 5D, a good example being the class of cyclic 
azomethine imines known as sydnones./2 


CH3 


+ 
Celica N 


29 
\ lin=80 5570 


ed 
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Thus far little has been said about the nature of the 
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dipolarophile (d=e), which is of considerable theoretical and Pracwued |. 
interest, and whose study has contributed immensely to the understanding 
of [2+3] cycloaddition reactions. Huisgen has classified dipolarophiles 
in order of their relative reactivities with certain 1,3-dipolar 
systems, /9»83 The results show that though certain dipolarophiles 
always react faster than others with 1,3-dipolar systems in [2+3] 
cycloadditions, the actual ratios vary considerably depending on the 
particular 1,3-dipole utilized in the Study. The relative rates are 
obtained by a competition technique in which pairs of dipolarophiles 

in a known molar ratio, are allowed to compete for the 1,3-dipolar 
species which is generated in sttu. Table VI lists the relative rate 
constants for three dipolarophiles with four different 1,3-dipolar 


systems in [2+3] cycloaddition reactions. /% 


TABLE VI 


kg(velative) for dipolarophile 
H2C=CH-R 


1,3-Dipole Temp.°C Solvent R= alkyl CgHe  COpAIk. 
[a inicio a 


CoHo-C=N-N-CHe 80° C6He 0.30 By? 100 
CeH,-C=N-6 20° (CoHe) 70 3.9 14,0 100 
NEN-C(CgHs) 5 40° DMF <0.01 0.2 100 
NEN-N-CcHe Ag Wel 2.4 4.1 100 
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Huisgen has also published a much more detailed study of 
relative rate constants for the [2+3] cycloaddition of one particular 
1,3-dipole, diphenylnitrile imine, with various dipolarophiles in benzene 


at 80% as shown in Table vr1°% (ky ethylcrotonate = e005 


TAS LER LT 
ee ee PEELE 
Dipolarophile ky (relative) 


i eee ee 


-1-Heptene OR S/ 
Butadiene 1.4 
Styrene 1.6 
Ethyl acrylate 48.0 
8,8-Dimethyl methyl acrylate 0.010 
Ethyl crotonate - 1.00 
a-Chloromethyl acrylate 37.0 
Dimethyl maleate 8.0 
Fumaronitrile W230 
Dimethyl fumarate ee 2 8720 
ets-Stilbene 0.010 
trans-Stilbene 05235 
Acenaphthalene 170. 
Cyclohexene 0.015 
Norbornene Sale 
Phenyl acetylene Celie 
Methyl Propiolate Ss 
Dimethylacetylene dicarboxylate SiO 
Benzaldehyde OO S2 
Benzonitrile 0.0066 
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A study of Tables VI and VII reveals the marked increase in 
dipolarophilic activity when conjugation is introduced, Both 
electron-attracting and releasing substituents in conjugation with the 
Olefinic double bond increase the effectiveness of the dipolarophile in 
[2+3] cycloaddition reactions. Nonconjugated olefins show the poorest 
reactivity and their relative rate constants are at*times *dtrricult to 
measure, Electron attracting nonconjugated substituents activate 
weakly, while the aromatic nucleus accelerates the -ratesiroml.5=2 to 
20-fold. The most marked increase in activity occurs when there is a 
keto, ester, or nitrile function adjacent to the olefinic double bond, 
for here the rate constants increase over those of nonconjugated olefins 
by one to four orders of magnitude, Dimethyl] fumarate is by far the 
most reactive dipolarophile and reacts in high yield with most 1,3-dipolar 
Systems. Compared with olefins and substituted acetylenes! 
heteromultiple bonds tend to be relatively poor as dipolarophiles, 
though the -CH=N- ey demve spect aviy when suitably activated,has been 
shown to be an effective dipolarophile,as is the C=S double Bondeoe 

The results of studies of [2+3] cycloaddition reactions us ing 
a variety of 1,3-dipoles has revealed that the dipolarophilic character 
of the C=C triple bond is similar in magnitude to that of the C=C 
double bond.®*4 4 consequence of this surprising result is that reactions 
which produce aromatic rings do not proceed at a faster rate,and it 
would appear that the transition state in the [2+3] cycloaddition does 
not profit from the aromatic resonance of the ring produced. Acetylenic 


derivatives show similar substituent effects to their olefinic 


counterparts. 
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Huis gen hastexpiined the promoting effect of conjugation on 
the dipolarophilic activity by two effects which may be related: /9,83 
(1) the polarizability of the 7 bond of the dipolarophile is increased 
with conjugation. The bonding electrons tend to become more mobile when 
conjugation is present and thus the tendency to enter into cyclic 
electroneshifts is inereaseds) (2) “relates fron the postulate that 
concerted formation of the two new o bonds is not necessarily synchronous. 
It is reasonable to assume that although the new o bonds begin to form 
Simultaneously, in the transition state they may not be developed to the 
Same extent. This would lead to the development of partial charges, 
which could be stabilized by conjugation and thus lead to a reduction of 
the overall energy level. | 

As can be observed from Table VII, steric factors are very 
important in determining the activity of a dipolarophile in [2+3] 
cycloaddition reactions. The addition of two methyl groups in the 
B-position of methyl acrylate renders the molecule even more Sluggish 
than 1-heptene in the cycloaddition reaction with diphenylnitrile imine. 
Table VIII illustrates the influence of the position of methyl 
substituents on the rate constants for the [2+3] cycloaddition reactions 


of various 1,3-dipoles with ethyl acrylate, /9 
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TABLE VIII 


ms. ee 


Relative k» values based on k» for 


ethyl acrylate = 100 


CH z 
eee 
ee 
ee os 
CgHgC=N-N-CoHe 34.0 Deal 
Be 
C6HsC=N-0 48.0 1252 
= ek 
(CgH.) >C-NEN ile? 0.35 
- + 
C_H_N-N=N Loa 20 


It is easily seen that methyl groups in the a-position cause 
less steric hindrance than those on the B-position,and this appears to 
be a general phenomenon in [2+3] cycloaddition reactions, Huisgen has 
Stated that the steric effect of methyl groups on the activity of the 
dipolarophile is much more important than any polareerceetat vate tic 
methyl groups may exert. Increasing the number of substituent groups, 
as expected, significantly retards the reaction rate as shown in the 
following scheme for the reaction of C-phenyl-N-methylnitrone with 


methylated ethyl acrylate, /9 
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eee DNs BR 02 CoH 
‘H 2 ee / > 
3 CH H 
k5 4300 1290 360 
[1/mole/sec] 

CHz 7 £02CoHs5 CHz A02C9Hs 

Ye Sa yy, =< 
CH H CH CH 

OR 0 


Examination of Table VII reveals that trans-stilbene reacts 
twenty-three times faster than cts-stilbene in [243] ‘cycloaddition 
reactions with diphenylnitrile imine. The difference in reactivity 
between dimethyl fumarate and dimethyl maleate with the same 1,3-dipole 
is even greater. This greater reactivity of trans-alkenes over their 
ets isomers is a general finding of kinetic studies on [2+3] 
cycloaddition reactions. There are two reasons why ezvs-alkenes react 


19 (1) steric hindrance of 


more slowly than their trans counterparts: 
resonance, which diminishes the activating effect of any conjugated 
electron-withdrawing or donating group. (2) the change in hybridization 
from sp2 to sp” of the olefinic carbon atoms as the cycloaddition 
proceeds,which reduces the bond angle from 120° to 109° and results in 
considerable compression of the van der Waals radii of the eclipsed 
Beer vue leading to a larger energy of activation for 


cycloaddition to the cts-isomer. The trans-dipolarophiles are relatively 


free from these disadvantages. 
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Ingas| 2451 cycloaddition reaction if the two new o-bonds are 
closed simultaneously during the cycloaddition, the result must be a 
stereospecific cis-addition.®4 t¢ on the contrary the reaction were to 
proceed by a two-step mechanism, the intermediate would possess single 
bond character, and be Susceptible to bond rotation HIICTILO mine 
closure in the second step of the reaction. This would result in 
non-stereospecific addition, for the required energy to initiate bond 
rotation is relatively low. This argument would apply both to 
zwitterionic and diradical intermediates. Thus from a pure isomeric 
dipolarophile we should expect to obtain an isomerically pure cycloadduct 
if the concerted mechanism holds, but an isomeric mixture if the two-step 
Process 1S in force. 

Stereospecificity has been observed in the [2+3] cycloadditions 
of a wide variety of 1,3-dipoles containing internal octet stabilization 
with isomeric olefinic dipolarophiles, despite scrupulous searches for 
mixtures of isomers resulting from NOM=Sterecospeci Tre cycloaddition, /9»81 

Despite an ingenious argument by Firestone/® in favour of a 
diradical pathway, this concept of cis stereospecificity must be regarded 
as strong evidence for a concerted mechanism in [2+3] cycloaddition 
reactions which show this phenomenon. 

There have been cases where cis-sterespecificity would appear 


oa but these have been rationalized by 


not to have been conserved, 
consideration of the following two important factors: (1) subsequent 
epimerization of the primary cycloadduct may have OCCurred == (2) "ethe 


olefinic dipolarophile may be susceptible to isomerization under the 


reaction conditions. This second factor will be dealt with in greater 
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detail in Chapter IV of this thesis. 

Although certain dipolarophiles, e.g. dimethyl fumarate, are 
generally found to be very reactive in [2+3] cycloaddition reactions 
With most 1,3-dipolar systems, there is no universal activity sequence 
of dipolarophiles, and Huisgen’® has emphasized that dipolarophile 
activity sequences should be established for each new 1,3-dipolar system. 

Examination of kinetic data has revealed that with few 
exceptions hetero-multiple bonds constitute relatively poor 
dipolarophiles when compared to their olefinic and acetylenic 
counterparts in [2+3] cycloaddition reactions. Nitriles often give only 
fair yields,and aldehydes and ketones are in general poor dipolarophiles 
and frequently fail to react. A reason for this is obtained from a 
consideration of the principle of maximum gain in o-bond energy... Ihis 
States essentially that for a successful cycloaddition to take place. 
the gain in energy by the formation of the two new o-bonds must exceed 
that lost by destruction of the m-bonds of the reactants. The larger 
this energy difference is, the greater the driving force for the 
reaction to succeed. This can be conveniently illustrated by comparison 
of the reactions of ozone with olefinic C=C bonds to yield ozonides, and 
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with C=O or C=N systems, where no cycloaddition reactions occur. 
energy calculations for the two new o-bonds are shown beside the 


products, equation [39]. 
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170 kcal T20 kcal 


In the reaction with the olefin, two new C-O Single bonds are 
formed with a gain in o-bond energy of 170 kcals. In the other case the 
gain in o-bond energy is only 120 kcals,which must be insufficient to 
Overcome the loss of energy from the m-bonds of the reactants,since the 
reaction does not take place. 

One of the most important features of [2+3] cycloaddition 
reactions concerns orientation phenomena. In general 1,3-dipoles lack 
bond symmetry, and thus can react with unsymmetrical dipolarophiles in 
two possible orientations, one of which is usually found to be exclusive 
or to predominate, as statistical 50-50 mixtures of products are rarely 
observed, This orientation phenomenon presents possibly the most 
challenging, and at present, the least understood section in the field 
of [2+3] cycloaddition reactions. It involves a consideration of 
electronic and steric factors, the principle of maximum gain in o-bond 
energy, and possibly other factors which are as yet unknown. Since 
Systematic study of effects of substituents in cycloaddition reactions 
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prediction of the orientation of addition, and thus pertinent detailed 
discussions tend to be confined to certain examples which suggest the 
concerted nature of the [2+#3] cycloaddition reaction in question. 

In cycloaddition reactions involving dipolarophiles with 
multiple bonds including a hetero-atom,the direction of orientation can 
often be predicted by considering the application of the principle of 
maximum gain in o-bond energy to the reaction under Study, Fortunately 
it is frequently found that with such dipolarophiles only one 
orientation is observed,and is the one predicted by the theory. This 
is nicely illustrated by the reaction of diphenylnitrile imine and 
N-benzylideneaniline to yield a substituted A*-1,2,4-triazoline as the 
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sole product,’~ equation [40]. 
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The gain in o-bond energy.<of 122 keal, was insufficient to 
Overcome the loss of n-bond energy of the reactants and thus no 
re hg) DCs epee was obtained. 

Huisgen has suggested®® that in the very few cases where the 
orientation of addition is not that predicted by the principle of 
maximum gain in o-bond energy for reactions involving dipolarophiles 
containing a hetero atom,then a different mechanism may be in operation. 

The situation becomes more complex in the larger class of 
cycloaddition reactions which involve olefinic and acetylenic 
dipolarophiles, for here either orientation of addition would produce 
the same gain of o-bond energy, and as might be expected, mixtures of 
structural isomers are more frequently encountered. The major factors 
to be considered now are electronic effects and steric effects of the 
dipolarophile substituents and of the 1,3-dipole itself. As mentioned 
before, Huisgen considers the steric effect to outweigh the electronic 
effects and) thus to be primarily responsible for directing the 
orientation of addition. It has been found that diphenyldiazomethane 
reacts with methylpropiolate to give a Single product, the orientation 


of which is feasible both from steric and electronic considerations ,®” 


equation [41]. 


H C6Hs 
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"Experimental evidence has shown that the central carbon atom 
of diphenyldiazomethane is more Strongly nucleophilic than the outer 
nitrogen,"'/9 Thus the electronic requirement is satisfied. From a 
steric viewpoint the orientation is also satisfactory,since the 
carbomethoxy group is as far removed from the phenyl groups as possible, 

When phenylmethylpropiolate is used as the dipolarophile, the 
sole reaction product is that which Shows the opposite orientation to 


the case above , 87 equation [42], 


CO>CH Geom “Osi 
Le Ee Aa CH,05C CeHe 
C IC CoHs 
I | ——>» 

Rel 6 + +N A 
| ll C6Hs 
GH N 


The explanation offered is that the phenyl group of the 
dipolarophile,which has larger steric requirements than the carbomethoxy 
group,is placed as far as possible from the phenyl groups of the 
1,3-dipole, The steric effect is sufficient to outweigh the electronic 
one, and only a single product is obtained. It has been pointed out by 


78 that the phenyl and carbomethoxy groups of the dipolarophile 


Firestone, 
should interact since they are in conjugation, and thus the electronic 
factor should be more important than has been suggested by Huisgen, 
Both suggestions seem to be satisfied in the case where the 1,3-dipole 
is less hindered, for a mixture of structural isomers is obtained, 


though with the sterically favoured one the predominant compound, ®7 


equation [43]. 
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CO.,CH 
a Cys CHz05C€ CeHs CeHs CeHs 
c “c if rX 
[43] ll ood pee as 

' tt C6Hs ni CH302C~ erin 

| | 
Ages s H H 

70-75% 25-30% 


Examination of the literature reveals that diphenylnitrile 
imine reacts with monosubstituted olefins and acetylenes in [2+3] 
cycloaddition reactions predominately in the same direction no matter 
whether the substituents on the dipolarophile be aryl or alkyl, electron 


78,65,88 


withdrawing or donating, equation [44], 


+ - 
C65 -C=N-N-CeHe 


i “Hg C=CRR" Ge 


R=H, R'=CHe, CN, CO5C5Hc, R=C¢He, CO>CHz, CH(OC Ho). 


CH=CH 3 n-CcHy 1] 


Huisgen has contended’? that the steric effect LSesca dln 
control despite the fact that the 1,3-dipole now possesses phenyl groups 
at both 1- and 3-positions. The explanation is that the phenyl bearing 
carbon atom of the 1,3-dipole is more sterically hindered towards the 


approach of the dipolarophile than is the phenyl bearing nitrogen atom. 
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a7, 
This point has been disputed by Firestone/8 | who contends that the 


steric hindrance should be approximately the same in both positions. 


In an attempt to force the reversal of the direction of orientation, 


Substituents of considerable steric bulk were placed on the N-phenyl 


group of the above nitrile imine and reacted with various monosubstituted 


dipolarophiles ,°8>89 equation [45]. 
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It was found that the direction of orientation was still the 


same as before. Huisgen has offered no explanation for this unusual 
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result,and has admitted that these findings cast doubt on a purely 
steric interpretation. 

In a more recent attempt to clarify the Situation, Huisgen and 
coworkers 83 examined the [2+3] cycloaddition of diphenylnitrile imine 
with a larger variety of dipolarophiles and divided the tendency of 
methyl, isopropyl, phenyl, and carboalkoxy substituents to occupy the 
4- or 5-positions of the product A?-pyrazoline into electronic and 


steric components, equation [46]. 


R CAH 
| oe R Ces 
CH Ge " ( 

! + |i ? 5 \ 

[46 CH +N 
ae | Meee 
t _ 
R N cts 
C6Hs 


By combining the relative rate constants of Table VII with 
earlier ascertained directions of addition of diphenylnitrile imine, or 
their ratios, Huisgen obtained information on what was termed partial 
addition constants. This system was the first example of a 
cycloaddition in which a useful approximation to an additivity of 
substituent effects was permitted. Table IX illustrates some partial 
addition constants for the cycloaddition of diphenylnitrile imine to 
acrylic ester derivatives. All the rates are relative to ky (1-heptene)= 
0.137 (Table VII), and the ratios of the orientations of addition are 


also shown,294 
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TABLE al X 


Product A2-pyrazoline Partial addition Ratio of 





Dipolarophile 4-position 5-position cons tr orientation 
aa a 
36 
CO9C2Hs5 CH. 0.36 
(CH 3) 9C=CHCO7CHz (CHz) 5 CO5CHz 0.001 10 
90 
CO2CH3 (CHz)>5 0.009 
C65 CH=CHCO2CHz CeHs CO4CHz 1,85 67 
33 
CO5CH CoH 0.88 
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By utilizing partial addition constants and assuming that 
alkyl groups exert no electronic effect in the transition state but 
only a steric effect, Huisgen and coworkers were able to calculate 
substituent effects for the 4- and S-positions of the A*-pyrazoline 
ring, equation [47]. 

e. 

[47] kya) = ky (1-heptene)/ 


oe . fy 
i=l (Steric) ile lectronic) 


where fe are the substituent factors Dl sateen ie enn « 

i 

Huisgen has remarked that while the overall substituent effect 
is a measureable quantity,this cannot be said for the component 
electronic and steric effects, for whose values only reasonable 


Suggestions can be offered based on a few initial assumptions. ®4 
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From Table IX it can be seen that ethyl acrylate reacts with 
diphenylnitrile imine 350-fold faster than does l-heptene and 
furthermore, both the pentyl residue of l-heptene and the carboethoxy 
group of ethyl acrylate appear in the S-position of the product 
pyrazoline to an extent of >99%, Since no steric effect is assumed 
for the n-pentyl residue,Huisgen consequently assigned the overall 
etfect of e350 ufor the carboethoxy group solely to the electronic 
effect (see Table X). 

It 1s also inferred from Table IX that the methyl group of 
ethyl crotonate retards the addition constant by a factor of 75 
compared with ethyl acrylate,and in a direction governed by ethyl 
acrylate, This retardation by the methyl group in the 4-position of 
the product is ascribed to a steric effect. Huisgen concludes that the 
cause for the directionally unambiguous addition to l-heptene is that 
there is a steric effect in the 4-position,but none at all in the 
S-position of the pyrazoline product. 

The comparsion of ky values for the second direction of 
addition of ethyl crotonate, (0.36) with that of l-heptene furnishes 
the overall effect of 2.60 for the carboethoxy group in the 4-position, 

If a somewhat larger steric factor is assumed for the 
carboethoxy group in the 4-position than for the methyl group in the 
4-position, namely 1/100, then f, (electronic) gives a value of 260. 
The overall effect of the substituents is shown in the following 


scheme for ethyl crotonate,29b 
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A*-Pyrazoline A2-Pyrazoline 
H,C-CH=CH-CO.C.H C,H-O. C-CH=CH-CH 
3 aa 22S 2 5°2 Tas 5 
k» .0.64 0,36 
fa (overall) 1775 350 2.0 1 
£A(steric) 1775 ih 1/100 1 
fa (electronic) 1 350 260 1 


Table X shows the substituent effects for the cycloaddition 


of diphenylnitrile imine and various olefinic dipolarophiles,90> 


TABLE? X 
ea a ee ey 
Pyrazoline 4-position Pyrazoline 5-position 
Se eee LON ce ES Ree tealbesiaa 2S  A eeearaic 


Substituent fa (overall) steric electronic fa (overall) Steric electronic 


a 


CH 0.013 iy 1 i i 1 
CH(CHs) 5 0.010 1/100 1 | 1 1 1 
CO5R 2.60 1/100 260 350 1 350 
CeHs 0.091 1/150 14 12 2/3 18 
N(Alk) ; small = = 530 1 350 
OA1k. ~ = - Dee, 1 22 
oie Seen sy a Lae a ee eS eR IS tes <A ae 


78 that there seems no obvious 


It has been stressed by Firestone 
explanation for the observed fact that there should be so much more 
hindrance to substituents taking up the 4-position of the product 


pyrazoline than to forming the 5-position in these concerted [2+3] 
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cycloadditions., Another observation from Table X is that. not all 
substituents have a constant electronic factor, Huisgen has conceded?! 
that the numerical substituent effect Separation contains some 
arbitrariness, but claims that within certain limits the net effect 
Satisifies the additivity principle. 

Turing briefly to structural. variations in the 1,3-dipole, it 
has been frequently shown by Huisgen that the rate of cycloaddition of 
these species is little effected by polar substituents and he uses 
this fact as good evidence for a concerted mechanism, It should be 
noted however that exceptions to this statement do exist, a good 
example being the aromatic azide class of 1,3-dipoles. Table XI shows 
the rate constants for [2+3] cycloaddition reactions of some organic 


azides with various olefinic dipolarophiles in benzene solution at 


95°C, 7992 


TABLE XI 
ree ae ee a ee ee eee 
1,3-Dipole Dipolarophile 
R-N-NEN kx10/ (liter/mole/sec) 
N-Pheny1 Pyrrotadinya 
R Maleic anhydride maleimide Norbornene cyclohexene 
een eee eee eee en ee ee ne re bie ot bees: ob eee eten Senay 
p-OoN-CeHy LES hil 1530 1,480 ,000 
254 9,930 
p-CH3z0-CeH4 aa) 67 187 3,400 
95 22 25 
CoH. CH. et 
ay mile -0.7 +0.8 +2.6 


LL 


*Based on the relationship log k/k 9=9p 
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Two main points arise from Scrutiny of this table: 1) the 
aromatic azide displays opposing substituent effects depending on the 
electron density of the olefinic bond in the dipolarophile, 2) the 
Hammett p value of +2.6 in the case of pyrrolidinyl cyclohexene is so 
much larger than that observed for other 1,3-dipolar species in 
cycloaddition reactions that a change in the reaction mechanism is 
probably involved. Kosower has Suggested that this reaction proceeds 


via a charge transfer process,°> A 


Baldwin and Hong” " have attempted to 
assess the electronic effects on the [2+3] cycloadditions of 
diarylnitrile imines by measuring the rates of evolution of nitrogen 


from a series of 2,o-diaryltetrazoles, equation [48]. 


\=— A ie 
Pe mie N—C-H,R! 166° "2 : OS Saas 
6 ese s4. 
Sy 


A. R=H; R! = p-CHz, m-CH30, H, p-Cl 


Be R = p-CH0, p-CH., H, m-Br, p-CN ; R' = H 


Baldwin used tetrazoles for his study because the steric aspects 
of the reaction remained fairly constant due to the cyclic nature of the 
molecule, This consequently allowed the electronic effects of the 
benzene ring substituents to be measured, and a marked rate dependence 
on the substituent groups was observed. For the A series the Hammett op 
value was +1,16 while in the B series the p value was -0.23. Baldwin 


and Hong concluded that the differing p values indicated an 
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unsymmetrical activated complex I, for the 1,3-cycloeliminations where 
the nitrogen of the 1,3-dipole carries more charge than does the carbon. 
DNCAL 


Ar-C 
N=N 


The evidence cited shows the delicate balance between structure 
and mechanism in such reactions. Huis gen®9 has used a similar activated 
complex to explain the ratio of reaction of various aryl-substituted 
Styrenes with diphenylnitrile imine. 

In the addition of aryl azides to enamines,it has been shown 
by Munk and Kim>> that electronic effects overcome Stericect tects wand 
these,taken together with the results of Overberger and coworkers’* on 
diazoalkanes,indicate that various pathways are possible for 
cycloaddition reactions. Which mechanism Operates will depend on the 
reactants and conditions, and although it is probable that many [2+3] 
cycloaddition reactions do proceed by a concerted mechanism each new 
case should be examined in its own rights. 

The next topic to be considered will be the molecular orbital 
presentation of those [2+3] cycloaddition reactions which experimental 
evidence suggests proceed in a concerted manner. 

The vast majority of 1,3-dipolar species that undergo these 
cycloadditions are isoelectronic with either ozone or nitrous oxide 
and hence unambiguously contain four neelecaf one in three parallel 


p-orbitals.°4 
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A second class of 1,3-dipoles are those formed from ring 
opening of labile small ring compounds by cleavage of the 2-3 bond in 
a manner which will be described later. Equation [49] exemplifies the 


formation of the carbonyl ylide and azomethine ylide systems .>+ 


3 
=s ee . 
\ . A —_—— > AN ge carbonyl ylide 


3 2 e =. 
x A sa et Ae azomethine ylide 
| | 


As with ozone, nitrous oxide,and the isoelectronic allyl anion, 


[49] 


the four m-electrons occupy pairwise the two lowest molecular orbitals, %4 
The nitrile ylide class of 1,3-dipoles will be utilized as a model system 
with which to observe the molecular orbital description of a concerted 


96 


[2+3] cycloaddition reaction. In terms of resonance theory the two 


principal octet forms of the nitrile ylide are as shown: 


The molecular orbital description of the above mesomerism is 


described in Figure A. 
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Bs =f ¢ —=N=—-¢ $ 
O_pe ne 
4 
| A 


Huisgen has calculated?® that the delocalization energy in A 
is, total first approximation, that of the isoelectronic allyl anion, 
During the process of activation the linear 1,3-dipole system in 
Figure A must bend to align precisely the carbon atoms at the l- and 
3-positions with the m-bond of the dipolarophile. This motion 
necessitates the loss of Men, oribtal and places the 1,3-dipole in a 


position to receive the dipolarophile as shown in Figure B. 


vacant 
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LCAO calculations by Roberts on the azide system have shown 
that the loss of m-bond energy in the bending process is small and is 
partly compensated for by energy gained from rehybridization and placing 
Orya Jone pair of electrons in an orbital of high s-character. The 


important conclusion is that the "allyl anion" resonance energy is not 


seriously disturbed by the bending.2°>97 The bent 1,3-dipole is now in 
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the correct orientation to make contact with the t-bond of the 


dipolarophile d=e,and Huisgen has proposed?© thatethesactivation 


complex, transition state, and end product be represented as in 


Figures C, D, and E, equation [50]. 


ee vii 
2 ee 





: 
7 im 


[50] D E 


As the p-orbitals of C are transformed into the sp- or 
sp” hybridized orbitals of the new o-bonds, the central nitrogen atom 
is gradually lifted into the plane of the other four centers (Figures 
D and E). One important feature of this DEOCESS 80s e0id teat icin 
mistake to assume that a planar transition state is formed from all 
five centers of the 1,3-dipole and the dipolarophile,®! The transition 
State is as shown in Figure D, These [2+3] cycloaddition reactions are 
Similar to the Diels-Alder reaction in that the so-called "two-planes" 
orientation complex C shows that (4+2)1-electrons are involved. 

A noteworthy point arising from equation [50] is that the C=N 


double bond of the 1,3-dipole is not the same one that appears in the 


adduct .2° This initial delocalized 7-bond is lost as the reaction 


proceeds and a new m-bond is formed. This then explains why the rates 


of [2+3] cycloadditions of nitrile imines and acetylenes do not profit 
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from the aromatic resonance of the product .26 The new p-orbitals, 
later to be incorporated into the m-electron cloud, are not developed 
enough in the transition state. 

The larger class of 1,3-dipoles, (Table II), which do not 
contain a double bond in the 1,3-dipolar form,are already bent in the 
ground state and hence the initial problem in the above case is avoided, 
Huisgen's presentation outlined above also applies to those 1,3-dipoles 
Since they can form delocalized four m-e€lectron systems of the allyl 
anion type. 

A more precise analysis of concerted [2+3] cycloaddition 
reactions is obtained by applying the Woodward-Hoffmann method of 
conservation of orbital symmetry.>4 In this method the approximately 
known energy levels of the reactants and products are recorded. A 
geometry of approach is assumed,and the energy levels of the reactants 
and product classified with respect to the symmetry maintained 
throughout the approach. Levels of like symmetry are then connected, 
This approach will be exemplified by the following molecular orbital 
correlation diagram for a [2+3] cycloaddition reaction involving 
1,3-dipoles of general type a-b-c = a=b-c (able Ttspeithe orbitals 
shown refer to the m-electrons of the reactants ,and the o-bonds and 
lone pair p-orbital of the product. The diagram is adapted from the 


Lext DY. Kosower.2° 
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Our interest in [2+3] cycloaddition reactions stemmed from a 
desire to study the ring expansion reactions of small ring heterocyclic 
compounds, especially in the aziridine series. As has been previously 
summarized, ring expansion reactions of suitably substituted aziridines 
to isomeric five-membered heterocycles have been well established, 
principally by Heine and his school<* and involve mainly ring opening 
aieticel-2. orel-% bond. Cleavage of the aziridine ring across the 
2-3 bond has been alluded to in earlier work?9 » 100 but the first 
experimental verification appeared in 1965 by Heine and Peavy©® who 
obtained cycloadducts from the thermal reaction of 


1,2,3-triphenylaziridine with olefins and acetylenes, equation [51]. 


C2Hs02CC=CCO2CoHs 5H 05€ CO>CoHs 


oi N 
C,H 
ee a) cere 
98% 


Confirmation of this finding soon appeared in the 


LOL O2 102 


literature. It was suggested by Heine, and verified by 


Huis gen 105 that cleavage of the aziridine ring across the 2-3 bond 
produced the class of 1,3-dipoles known as azomethine ylides e(dable 11)p 


which could readily react with dipolarophiles in [2+3] cycloaddition 


reactions, equation [52]. 
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94% 
C6H4-p-OCH, 


Azomethine ylides have been known since 1980 and were first 


prepared by treatment of N-(p-nitrobenzyl)-3,4-dihydroisoquinolinium 
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bromide with triethylamine in hot pyridine. The unstable ylide 


readily reacted with suitable dipolarophiles such as dimethylfumarate, 


phenyl isothiocyanate, and carbon disulfide in cycloaddition reactions, 


equation [55 . 
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This and other examples of azomethine ylides in condensed ring 
Systems are summarized in the review by Huisgen, 2 

Substituted aziridines are however more convenient to work 
with and more easily synthesized, and it has been shown that cleavage 
across the 2-3 bond to the azomethine ylide and subsequent [2+3] 
cycloaddition reactions with acetylenic and olefinic bonds have proven 
to be synthetically useful routes to pyrroles, pyrrolines, and 
pyrrolidines, ©6101, 102,105,105 ,106,107,108 

In 1964 it was recognized by Huisgen and coworkers that in the 
well oe azlactone system lay a potential route to cyclic azomethine 
ylides, which could then react in [2+3] cycloadditions to yield 
pyrroles and pyrrolines by intramolecular elimination of carbon dioxide 
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just as in the analogous sydnone system. This prediction was 


verified as shown in equation Gt a 
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For these reactions to be successful a proton shift to generate 
a reasonable equilibrium concentration of the mesoionic oxazolone must 


ay Utilization of this system for the generation of masked 


take place. 
azomethine ylides often affords the best yields and shortest reaction 
times of any method involving these 1,3-dipoles,for even poor 
dipolarophiles like 1,1-diphenylethylene react smoothly. +11 

Many mesoionic oxazolones are stable enough to be isolated and 
can be prepared in high yield by the reaction of substituted glycines 


: ; : ° : liz 
with acetic anhydride at 55°, equation [55]. 


CO5H 
0 

BS l ooo 0 0 

—<—+ cs 

re Noo Cette oP 8 Bie CeHe a H 

65 | CcH + sn 6tls N 6Hs 
CH 2min “© 9 ‘ 65 | 
[55] CH om 


90% 





pH)S009= 


ScOeit9 
d $\°OO! 








‘ 
i) 
j_—_¢/ 
. / \ 
: ee Vim SN 
Ho y ol / 
u \ jf i 
j 
= | 
ai ) Del . 
Siitonsg OF tiie note 16 lut2eeoove O90 OF eno .IoeSe gags 74 
; 7 7 ; nl a) 
Saum enolorAso 2ine.vds ant°¢Pe ADLISTINSI009 iL ee af nest tae 
7 
: ; - ' OLfs 7 etad 
betznm Yo noistatonsg silt sot moteye arid to nomise eiav i a 


Apisonss szetzedes bas eilei® 3eod csl9_ ebroris 


TO UBVS 


iit 


far beonlozi s¢ ot Hyvane sitistz fis ¢ sho fons xo 2ingiossm ‘na wane 


eonioyig bogrri tude 


fod. 2olodgab-2, 1 ‘ezortt 


M“ijectie .Jae0t onzinitaiysr oly BED, I sdtt gol ‘ogib 










wetto sabi ot 


orivioy ti sorta en to: 


i 


is 


. 


tO NWOTTDEST. Ost nek tah tat Ae | | ool 


Aas) oid-bvdian 


i[ed) deituupss, ee 


74 


These coripounds are easily hydrolyzed, and at higher 
temperatures in the presence of acetic anhydride they undergo the 
Dakin-West reaction which may be the reason why they had not been 
previously reported. [2+3] Cycloaddition reactions of mesoionic 
oxazolones with variously substituted olefins, acetylenes and 
carbonyl compounds at temperatures ranging from 0-100°C have been 
reported, /10,111,112,113 

With some exceptions,!92, 106 the azomethine ylide class of 
1,3-dipoles obey all the criteria for concerted [2+3] cycloaddition 
reactions. 

In 1965, Woodward and Hoffmann!!4 made the prediction, based 
on their orbital symmetry calculations, that the thermal isomerization 
of the cyclopropyl anion to the allyl anion should proceed via a 
conrotatory ring opening, equation [56], while the photochemical 


interconversion should proceed by a disrotatory ring opening, equatior 
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For a thermal conrotatory reaction, substituents that are cis 
oriented in the substrate are in a trans configuration in the product, 
while those which are trans in the substrate become cts oriented in the 
allyl anion. For the photochemical disrotatory ring cleavage, cts 
substituents in the ring retain their relative configurations in the 
open‘ chain isomer and the same applies for their trans counterparts. 

As yet no direct experimental proof of this prediction has appeared in 
the literature, 

The aziridine ring system is isoelectronic with the allyl anion 
System and hence with the cyclopropyl anion system. In 1967, Huisgen, 


Scheer, and Hubert! 


provided the first experimental verification of the 
above predictions using the aziridine ring system as the working model, 


equation [58]. 
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[58] 
CHz05€ C05 CHz CH05C€ H 
Ge x ff oy 
sg H H C0CHz 
N N 
| | 
; Ar Ar 
ers) I trans I 
cma A i, [00 
ky 
CH205C f ae wse2t COCHz 
z ——— 
+ C C + =i 
Ar Ar 
trans II Cis TI 
ko CH 30CC=CCO5CHz kz 
Dt 
CH3z09C CO» CH CHz09C 7 CO09CHz 
CHz05C . 2 H CHz09C 2 CO2CHz 
/ Ske # \ 
Ar Ar 
trans IV (98%) Cts viv (7/12) 


Ar = -CgH4-p-OCH. 


Both ets- and trans-IV gave the same pyrrole on chloranil 


E : TiS 
dehydrogenation in 84% and 81%, respecively. 
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The fact that cts-L gives trans-IV in 98% yield and trans-I 
produces cis-IV in 71% in these [2+3] cycloaddition reactions illustrates 
the predictions of Woodward and Hoffmann as to the intermediate 
azomethine ylide and its mode of generation, especially in the thermal 
reaction,since concerted [2*3] cycloadditions are known to proceed in 
a stereospecifically cis manner.’2 The photochemical case produced 
lower yields (69% trans-IV from trans-1), but was in accordance with the 
predictions. The photolysis of ets-I was however less clear, and in 
dioxane solution mixtures were obtained,while in dimethyl 
acetylenedicarboxylate itself no reaction occurred. 

As may be observed from equation [58], equilibration of the 
intermediate azomethine ylides competes with the cycloaddition reaction, 
and it was found that only by employing very active dipolarophiles 
could the equilibration process be Suppressed and uncontaminated 
cycloadducts be obtained. Cis-I and trans-I equilibrate at id0¢ Gare 
though they are stable to isomerization at room temperature. The 
kinetics of the aziridine ring cleavage have been investigated by 


116 and it was found that the rate constants were 


Huisgen and coworkers, 
independent of the dipolarophile concentration, implying that the 
bimolecular cycloaddition to the dipolarophile was not the rate 
determining step, The dipolarophile utilized in this study, 
tetracyanoethylene, was so active in the [2+3] cycloaddition Teaction, 
that the cts-II ¢ trans-II isomerization,and the SLE CuLocy Olac 
regeneration of the aziridines was totally suppressed. As the polarity 


of the solvent was increased so also was the percentage of the cts 


isomer, From the kinetic data, Huis gen?+® has constructed a free energy 


4 


1¢€ 








: 7 oY a oe 
7 = Wee 
| 
: a 
‘ - 
: t 
1. a 7 ~ - : 
eee Ws 
lw was : j ' ) Jnela Ionty is 
ae a > 
a ‘ *y +. J = 
7 roc ?Iv mb Vi-ete. eer uboTq 
8 5  % is a 
. ot Yo eo biose 
_ 2 7 
» —* 
' ern am att bam sbaty — al 
ry hj } “ — sl2 sy ktoaon 
7 ; i eX x ; Tey vl )iveqeooreda s 
3 7 7 : 
sbiory rowel 
- ie ent. -tnobra:theng: 
( 
\ re 
bey s 
« ’ ( 
- i 
i tj a } i aye by 
J 4 Lt 3 1 1) f 
; ft 13 i Slinugquéions 
j sh) oJ 5 Le ‘Pon: ;! 85 oe ys siva onan a4 
‘ ‘ ie 
VE bay i [ ST: Dae Nor ts * Li -sgtas = ti<akey af sf 
4 
! t fisjot tee if a8 
OD i i SeRte c. 7 Phe Chay LOE > GInh 2d 
ou avs bs TAN ee a CJA, pa a <A J 
5 s —_ 
aah no Lo- serie rut ye Ban tcl. oS baer VIO a stm 


~ 


wo wou} 2 hopsutien 


; 


ob 


ea: tl 


af Fnge Tull ,rgob otseutka oe ah ‘ 


tLe 


j 





y, 


aT 


_ 


ia ae 
wo i. 


A 


tr _ 


‘s 
7 


78 


diagram for aziridine ring opening and isomerization. 


AG 


(kcal/mole) 


Figure PEs 
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Reaction co-ordinate ——> 


trans-I == cis-II == trans-ll—cls-I sie Jha 


It was found that only one of eight molecules of trans-I that 
become ets-II can surmount the energy barrier leading to trans-II. 
Those left revert to trans-I. For intermediate trans-II, conversion to 
ets-I is four fold faster than reversion to ets-II, The energy values 
of the troughs corresponding to ets-II and trans-II are unknown. 

As has been mentioned,the ratio of cycloaddition of the 
intermediate azomethine ylide to its isomerization depends markedly on 
the activity of the dipolarophile. In an accompanying paper!1? Huis gen 
and coworkers have estimated the extent of cycloaddition versus 
isomerization, by observing how the product ratio varies with change in 
dipolarophilic activity as shown in Table XII for the reaction in 


equation [59]. 
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ae ABLE RIS 


area Sa ee ee ee 


Product from Product from trans-I 
Dipolarophile ets-I* 
d=e (yield %) (yield %) trans-III: ets-11tt 
ii TROT 
Tet racyanoethy lene 88 100 ORs 100 
Dimethy1 acetylenedicarboxylate 98 78 OR ee 00 
Diethyl azodicarboxylate 96 78 Ono 
Diethyl mesoxalate 94 75 7 O35 
Dimethyl fumarate 100 OS es eo 
Tetraethyl ethylene- 
tetracarboxylate 99 90 Pay RAS 
Norbornene 86 98 450: 955 
Cy clohexene 78 Tal spouse = RY) 
Phenanthrene i 36 OOm 0 


ee 


tReactions were conducted at temperatures between 100 and 140°C. 
(Me ratio of trans-I11 to ecis-IiI was 100:0 in all cases. 
tProduct ratios determined DY De Me. 


Table XII reveals that even with dipolarophiles of low 
reactivity, intermediate trans-II undergoes stereospeciiica2+5| 
cycloaddition reactions, Conversely with cis-II isomerization competes 
effectively with cycloaddition as the dipolarophilic activity decreases, 
Furthermore no post isomerization was detected either under reaction 
conditions or during isolation procedure. The fact that the energy 
profile (p.78) shows little difference in energy between cts-II and 


trans-II has led Huisgen to suspect that the.rate constants for the 
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[2+3] cycloaddition must hold the key to the Stereospecificity observed 
(i.e.5 k, > Kx), and he contends that only with very active 
dipolarophiles, is the reaction expressed by rate constant kz 
sufficiently rapid to compete effectively with the isomerization 
reaction expressed by k-1, 

crs-2 , 3-Dicarbomethoxy-1-(4-methoxyphenyl) aziridine under 
thermal conditions cleaves across the 2-3 bond in a conrotatory manner 


> 


to yield a structurally unambiguous trans azomethine Vitden equation 


[60]. 115 


CH309C CO2CH3 CH309C H 
A 
/ : Sie Fg C °G 
i x conrotatory ee Ne cogchs 
[60] Naor N 
C6H4-p-OCH, CoH4-p- OCH 
ets-I trans-II 


The trans-aziridine, under the same conditions cleaves in a 
conrotatory manner to yield the cts-azomethine ylide,which however 


could exist in two possible forms as shown in equations | 61] 5 
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CH30C H 
a .-co.¢0 
ae epoes 
N 
trans-I 
CoH4-p-OCH 
conrotatory 
mode 
[61] 
S02 2s i i 
C y; Come 
aN aN a, 
a ao CH205€ Ny \copctis 
CgHy-p-OCHz C6Hy-p-OCHs 
Cve-L 1 
"Horse-shoe form" "W-form!! 


In the W-form the van der Waals strain would be expected to be 
lower than in the "horse-shoe" form, 


Huisgen and Mader? 18 


have investigated this point by studying 
the reaction of trans-I with norbornene at 100°C,and as shown in 

Table XII obtained a 98% yield of a 55:45 mixture of isomeric 
exo-cycloadducts A and B. The minor component B, which contained 


trans-dicarbomethoxy groups was obtained by isomerization of cis-II to 


trans-II followed by cycloaddition, equation [62 | 
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H 
CHz0,¢ —¢ Oat 
t <7 ae ey 
[62] ! Le 
fhe, — 4 CO2CHz 
v CO2CH3 HH 
! 


The major product A contained cis fused dicarbomethoxy groups 
directed below the plane of the pyrrolidine ring,and Huisgen and Mader 
contend that examination of models reveal that the W-form of cts-II 
best explains the structure of the only ctis-dicarbomethoxy adduct 


obtained, equation [63]. 


= CO>CH : 


H = H 
m H,-p-OCH 
(> octis —> i Neste ng ek 
[63] ee (9 UO2CH3 
KE Neonat i. oc 
3 
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It appears that where two modes for the azomethine ylide cts-II 
are possible, the W-form is preferred though Huisgen and Mader have 
reported an example where the cts-azomethine ylide is fused in the 
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reactions reported over the last twelve years reveals that olefinic 
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and acetylenic systems constitute by far the majority of the 
dipolarophiles employed. Dipolarophiles containing hetero-atoms in the 
multiple bond had by comparison received little attention especially 
prior to 1967, when the work reported in this thesis was first commenced, 
Much progress has been made in the last three years with reactions 
involving such dipolarophiles, as judged by the number of publications 
that have appeared in the literature. 

In the azomethine ylide class of 1,5-dipoleés, successful 
reactions with phenyl isothiocyanate and carbon disulfide had been 


reported in 196 3yeee 


and cycloaddition reactions of mesoionic 
oxazolones to carbon disulfide and ethylcyanoformate in 19650 

Our group was interested in the possible utilization of the 
carbonyl group as a dipolarophile in [2+3] cycloaddition reactions with 
azomethine ylides derived from cleavage of Suitably substituted 
aziridines, despite cautionary comments by Huisgen as to their low 
reactivity with other 1,3-dipolar systems , © Within the azomethine 
ylide class of 1,3-dipoles the very reactive mesoionic oxazolone system 
had been shown by Huisgen and Funke"! to undergo [2+3] cycloaddition 
reactions with aldehydes, a-diketones and keto esters, though in only a 
few cases were the intial products of cycloaddition stable enough to be 


isolated, as the majority tended to cleave to produce acyclic N-benzoyl 


enamines, equation [64]. 
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‘a Q R 
@) i \ 0 Rt 
RECGsRt -CO ‘ 5) 
Ss ots Cos CoH 
CoHs ) CoH, R | 
R CH 
CH, z 
[64] 
T ous 
on ! 
N G 
| SR 
CH 


When a large excess of the dipolarophile was used bis-adducts 
were obtained, 

Our intentions therefore were to Study the [223] cycloaddition 
reactions of azomethine ylides, derived by cleavage of substituted 
aziridines,with a variety of carbonyl systems. Such reactions if 
successful would lead to a new synthesis of OxazZOlidines ~eavelass (oc 
compounds that had previously been obtained by direct condensation 


techniques over which no stereochemical control could be exercised. 


H 
A R,CH=0 Ry ret 
See aden aia? aN wae eRe \y 
R 
+ R 3 


| H 
Ry 


We were also interested in the potential [2+3] cycloaddition 


reaction of the intermediate azomethine ylides with the reactive 


carbonyl system of dipheny 1lcyclopropenone}?? which is known to be highly 
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polarizable due to resonance of the type shown, 


Can CeHs 


CeHc CoH. 


Here the possibility existed of cycloaddition at either or 
both the C=O group and the C=C group. 
These ideas we commenced to test and the novel results are 


discussed in the next three chapters. 














Bet Wy a 
yy e ; . : - 
? 

= we ees Le 


ery 


a ; ° hwentle. Sees ad} to Se2abineIt 






4 











4 
7; 
at — - Se ; 
2 ‘ Vv 
as. cs 
_ ; 0 < -——) 
. ae im 
z : ; a 
| 
io3 
J : hi aul 
5 3 A : aH 
e 
by 
= ibbeolove 20 baseixo sil idiegoy ae 


4 - . . 7 ef 7 
_quoty D2) sf bis qene aaa ii Ato 
: 7 


- 7 


| : ‘ 
pye ef: . is bne Jeot of basins ow <aeha "7 
- , am ay 
<= : P aT ss 4 r 3 ! + xo sft , 7 Si 2092. , 





87 


CHAPTER IT 


THE PREPARATION OF OXAZOLIDINES BY 


[2+3] CYCLOADDITION REACTIONS 


The oxazolidine ring system is that of the completely saturated 


oxazole system (tetrahydrooxazole). 


3 
Nei a 
0 
l 
Oxazolidines have been known for over seventy years, and have 
considerable practical importance especially in the medical field. 
Their pharmacological value may be illustrated by the drug "Troxidone," 
2,4-dioxo-3,5,5-trimethyloxazolidine which is used to control y 


121 Other substituted oxazolidines have an adrenergic blocking 


epilepsy. 
activity and are thus valuable in the treatment of cardiac arrhythmias 
and angina pectoris ,!*? while 2-imino-5-phenyloxazolidine has been 
shown to possess a memory stimulating effect 143 

In the field of synthetic polymers, oxazolidines have been 


used as polymerization accelerators for polyester resins! 24 and applied 


successfully in shrink and creasproofing of textiles, 149 
Oxazolidines were first reported in 1888 as reduction products 
of oxazolesl26 and again in 1897, 127 but the products were not fully 


characterized and their structures remain in doubt. 


There are to date very few synthetic pathways available for the 
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preparation of oxazolidines. The most general method involves the 
reversible condensation of $-amino alcohols with aldehydes and ketones 


as shown in equation [oo}eece 


R 
NHR us va 
[66] ocr — pe + H50 
0 
Ro 


OH 


These reactions can be run under basic conditions ,129»150 but are more 
frequently performed under thermal conditions in an inert solvent with 
continuous separation of water, 191,152,133 

It has been pointed out by Cornforth, /28 that many substances 
prepared by these methods, especially in the older literature, have 
been described as oxazolidines without adequate structure proof. 
However in cases where the substrate is a N-substituted $-amino alcohol, 
the structure of the product oxazolidine is in no doubt as has been 


130,134,155,136 th these 


frequently demonstrated in the literature. 
reactions the yields are fair to good, and a variety of alkyl and aryl 
substituted oxazolidines can be prepared by this method. 

When the 8-amino alcohol bears no substituent on the nitrogen 


atom, the intended oxazolidine product is in potential tautomeric 


equilibrium with the open-chain Schiff base as shown in equation [67]. 


eu 
N ——— N 
[67] oe \\ 


H 


8 
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his mobile equilibrium in solution was first recognized by 
Cope and Hancock, 151 and later investigated more thoroughly by Bergmann 


and his Sehootmr se toe ane® 


who showed that in many cases the products 
were indeed an equilibrium mixture of oxazolidine and Schiff base. 
From their studies with ethanolamine and 2-amino-3-hydroxybutane they 
proposed the following generalizations!28. 1) aromatic and 
o,8-unsaturated carbonyl compounds on the whole tend to form Schiff 
bases, 2) saturated carbonyl compounds tend to form oxazolidines with 
ethanolamine, 3) introduction into the ethanolamine system of C-alkyl 
groups favours oxazolidine formation even with aromatic aldehydes and 


59 who 


ketones, ‘This view was questioned by McCasland and Horswilit 
doubted whether there were any known examples of Simple, N-unsubstituted 
exazolidines cof well-established structure. 

Goldberg and Nace have obtained chemical evidence for such an 
equilibrium in their reactions of oxazolidine-Schiff base mixtures with 
140 


fietrosy lechilori.de, equation [68]. 


CoH : 
CH CH) [e Cols die Calls ee NO 
<a ONSEN te ee | fags NOC1s, CoHc 
[2] | = "A 
OH H H 
30 : 20 76% 


tThesfact that (thehproduct* is an oxazolidine and is obtained in 
76% yield, suggests that the reaction must proceed via an equilibrium 
enitfe Sromhocizél basettoroxazolidine. 


The main dirficulty in the analysis of this problem was the 
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lack of a suitable physical method with which to examine the proposed 
equilibrium mixture, and only with the advent of proton magnetic 
resonance spectroscopy has the problem been solved. Recently Paukstelis 


41 


and Hammaker! published the results of a p.m.r. study of a series of 


"oxazolidines" unsubstituted at the 3-position which were prepared by 


standard methods , 152133 


CHz 
AA yl H 
N N ve 
CH H 
3 Ces va Y (CH) 2 
H 
0 H 0 CH 0 ° 


The spectra of each of the "oxazolidines" as pure liquids could 
be readily explained if each product was regarded as a mixture of a 
Schiff base and an oxazolidine, with equilibrium constants of EAS ENO, 
and 0.47, respectively, in each case. This was substantiated by later 
work by Paukstelis and Lambing.141a 

One of the principal disadvantages of this condensation method 
for the synthesis of oxazolidines, even where the product structure is 
unambiguous, is that the ring substituents tend to be simple alkyl or 
aryl groups and no other functionality in the molecule is possible. 
This is a serious drawback since the presence of such groups often 
lends considerable stabilization to the molecule, as well as 
introducing sites for further reaction. 

The literature contains isolated examples of oxazolidines 


being synthesized by other than the above method, as shown in 
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equations [69142 and [oleae 


toluene ara 
[69] CG CEO ee + Cg HsN=C=0 ee \ 
4 A/3h 
oo 
O 
Ces 


(C4H9) 3B 


(C2Hs5)20 p-Cl1-C.H/ “Ng CCaH9)2 


(5 eoRet. 143 


On examination of the oxazolidine ring system it appeared 
feasible that such compounds might be readily synthesized by [2+3] 
cycloaddition reactions of substituted aziridines and certain carbonyl 
compounds, despite remarks by Huis gen® as to the low reactivity of the 
C=O bond as a dipolarophile in these reactions. This could proceed as 


ingeduation i}7ide 


tt 
R 
H NO 
R4 
[71] R'"-CH——CH-R!' + 06 es * oe 
N 
Rs 


Our interest was stimulated by the then recent reports of addition 
reactions of substituted aziridines involving cleavage of the 2-3 bond 
an azomethine ylide, and subsequent [2+3] cycloaddition to activated 
acetylenes and olefins to produce pyrroles and 


66,101,102,103,105,106 


pyrrolines, eqiuat Loma i\i: 
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sat - 
GdiieClig a CHCOC-H GH. ck CHCOC,He<> CeH.CH CHCOC,H 
6'5 6'5 6 
Sev Sew 6 os Ne 6s 
| | | 
R R R 
[72] CH305CC=CCO07CHz 
oo 7 C09CHz 
CoH 
ieee COCgHs 
| 
R 


If this reaction were successful, it would provide a general 
synthesis of oxazolidines, since a variety of substituted aziridines 
and carbonyl compounds can be readily obtained, Besides establishing 
the gross structure of the product we intended to investigate the 
following points: i) the orientation of addition, ii) the 
stereochemical purity of the product, iii) the dependence of the 
reaction course on the stereochemistry of the aziridine, iv) any steric 
effects on the reaction arising from the dipolarophile structure, 
Answers to these questions would provide considerable insight as to the 
mechanism of the reaction, 


It should be noted that after our work had been well advanced, 
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an example of an oxazolidine synthesis by just such a [2+3] 
cycloaddition reaction was reported by Huisgen, 144 equation | 75, 


which confirmed the validity of our approach, 





CHz0,6 aH Te, be 
f % UU Sites N@ 
[73] eee NGe 2 oe pag, 8 i 
| ; Cells! NG CO CH 


97% (3 stereoisomers) 
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RESULTS AND DISCUSSION 


Synthesis of Model Aziridines for [2+3] Cycloaddition Reactions 
a en YY CLO OCT ETON en gec tl ons. 
Suitably substituted aziridines under thermal conditions had 


been proposed by Helge eae and verified by Huisgen,?9% 


to cleaye 
across the 2-3 bond to form azomethine ylides, which could undergo 
[2+3] cycloaddition reactions with various dipolarophiles. 

Since our proposed synthetic approach to oxazolidines involved 
the potentially sluggish carbonyl system as the dipolarophile ,°? it was 
necessary to choose aziridines whose substituents would render the 
intermediate azomethine ylide as stable as possible for a successful 
reaction to occur, Furthermore to permit an assignment of the 
orientation in the proposed cycloaddition, it was necessary that the 


2- and 3-substituents on the aziridine ring be different. For these 


reasons the 3-aroyl-2-arylaziridine system was chosen, which had the 


< 


further advantage of being readily prepared by established methods , 14° 





The general procedure, outlined in equation [74], involved as 
CNewilrSstestep, tic! base catalyzed Claisen-schmrdt condensation of the 
aldehyde and ketone to form the a,f-unsaturated ketone, known as a 
chalcone. Addition of bromine readily afforded the corresponding 


dibromochalcone, which on treatment with at least three equivalents of 
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a primary amine produced the desired aziridine. 


O 0 
| 
(yay + omp-¥) tt J Vana) 
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[74] Br>/CHC1z 
y RNH | ia 
Chie CH —— C—CH—CH 
Ww —— benzene i. we 
k 


Isomeric 

The yields of these reactions were generally good, and the eis 
and trans isomeric aziridines could frequently by separated by 
fractional crystallization or by chromatography. The stereochemistry 
of new isomeric aziridines was readily assigned by reference to 
published infrared and proton magnetic resonance spectra by Cromwell 
and coworkers,146,147 ‘the aziridines used in this study were prepared 
by the method described and are listed in Table XIII, in which new 


aziridines are indicated by an asterisk. 
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TABLE XIII 








0 
3-Aroyl-2-arylaziridines | Rs- CoC k 
N 
Ry 
ei Ro Rg Yield % 
CH(CHz) 9 CoHe CoH 100* 
CH (CH3) 9 m-O7N-Ce6Hy Co6Hs Ose 
CeHyy p-OyN-CeHy CoH. 67 
Coy] m-OoN-CeHy CoHe 88* 
CoHy CoH CoH 78 
CH5CeHo C6 Hs CoHy4-p-CHz 69 
CH Co Hc CoH 80 
CoHy1 Coc CgHy4-p-NO4 LO: 


_—_ eee 


TExcept where specified isomeric mixtures of aziridines were employed 


in oxazolidine synthesis. 
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Dipolarophiles 

Aldehydes were chosen as the carbonyl system to function as 
the dipolarophile rather than ketones, due to their Superior reactivity 
in cycloaddition reactions , © and also because the aldehyde proton 
which would form the Cs proton of the product oxazolidine, would prove 
useful in assigning the stereochemistry of the oxazolidine at the 4- and 
S-positions by proton magnetic resonance Spectroscopy. The aldehydes 
chosen were chloral and substituted aromatic aldehydes of increasing 


Steric bulk as shown below. 


C1zCCHO ; CHO ; HzC CHO soa \-i 
Cl 2 10 
Cl foe) Cr CHO; O5N CHO 


2+3]| Cycloaddition Reactions to form Oxazolidines 

In general the 3-aroyl-2-arylaziridines listed in Table XIII 
were found to react smoothly with the above aldehydes in equimolar 
proportions, under conditions of benzene at reflux for periods of twelve 
to twenty-four hours, to produce in fair to good yields, products which 
analyzed for 1:1 adducts and which were assigned as oxazolidines. 

In a typical reaction 3-benzoyl-1-isopropy1-2-(3-nitro- 
phenyl)aziridine reacted with an equimolar quantity of 
2,4-dinitrobenzaldehyde in benzene solution under reflux over a 


period of twenty-one hours to give after isolation, a pale yellow 
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Crystalline solid in 65% yield. The elemental analysis and mass 
spectrum of this pure compound indicated it to be a 1:1 adduct, 


equation [25 ]|% 


; NO 
0 2 
benzene eas 
choi, Oxazolidine 
C6H5-C-CH-—CH-CgH4-m-NO, +0 a MO he 
N H 
cit Av 
CH, CH, 


From the results of a study of a series of like reactions 
between substituted aziridines and aldehydes, these products were termed 
oxazolidines and assigned the general structure and stereochemistry as 


shown in structure l. 





The analytical and spectral data on these new oxazolidines 


are summarized imn,Tables XIV, XV, XVI, and XVII. 
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It should be noted that in preliminary reactions with 
3-benzoyl-1-isopropyl-2-phenylaziridine and benzaldehyde, 
4-methylbenzaldehyde, and 4-methoxybenzaldehyde, considerable difficulty 
Wass cxpetrencedsin tsOlation of the intended product) from the crude 
Heactron mixture due to its lack*of crystallinity. “This*opstacle was 
overcome by employing aziridines containing nitro groups on the aromatic 
rings, and afterwards little difficulty was encountered in obtaining 
crystalline products even with the above aldehydes. 

Examination of Table XIV shows that about half of the reactions 
Seudtecmrestt tedeiNea siimbe: isomer for the productaoxazolidime, while 
the remainder gave c7ts,trans mixtures, most of which could not be 
separated despite several efforts to this end. In the single case 
studied, 2,4-dichlorobenzaldehyde produced a mixture of several products 
which could not be identified, and was thereafter not further studied. 
The best yields were obtained from chloral which gave only one isomer “ 
inecach case. 

Table XV reveals that the oxazolidines obtained from aromatic 
aldehydes fall into two classes. The proton magnetic resonance spectra 
of the larger class exhibited a singlet for the oxazolidine 2 proton 
and a relatively widely spaced AB quartet (J = 7.45-5.90 Hz) for the 
4 and 5 protons. The smaller group showed a singlet for the 2 proton 
and a much more closely spaced AB quartet with a consistently smaller 
coupling constant (J = 5.80-5.55 Hz). Furthermore for any particular 
pair of isomers considered, the compound with the larger coupling always 
showed the oxazolidine 2 proton at higher field. In cases where the 


nitrogen was substituted with an isopropyl group, a relatively widely 
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spaced doublet of doublets was obtained for the isopropyl methyl groups 
(J = 6.5-6,.3 Hz) in the smaller group of compounds mentioned above, 

The larger group showed either a singlet or overlapping doublets for 
these methyl groups. 

The significance of these observations, which were consistent 
throughout the series, will be discussed later. As will also be shown, 
the larger group of oxazolidines from aromatic aldehydes have been 
assigned trans-1 Stereochemistry (RS5=H), at the 4-and o- POs ttLons. 
while to the smaller group the ets-1 stereochemistry has been given 
(R4=H). 

The additions of chloral were quite clean and produced 
exclusively trans-1 structures. It was also found that in the aromatic 
aldehyde series, benzaldehyde produced mixtures of about 60:40 ets-1 
to trans-1, while 4-chloro-3-nitrobenzaldehyde gave 60:40 trans-1 to 
ets-1 isomeric oxazolidines, From 4-nitrobenzaldehyde, 50:50 mixtures 
were obtained, while in the example studied 2,4-dinitrobenzaldehyde 
produced exclusively czs-l, 

The infrared spectra of these oxazolidines (Table XVI) showed 


-1 148 


a strong band at 1690-1675 cm™~, indicative of aromatic ketones, and 


ie ticerelevantecxamples the intense band at 1550-1520 em), was 
oe; ; ; 148 
characteristic of aromatic nitro groups. 
A feature of the mass spectra (Table XVI) was that with but 
two exceptions,no molecular ion was detected, though two principal 
fragments corresponding in total to the molecular ion were always 


observed. Two modes of cleavage were observed. The principal one 


involved cleavage of the oxazolidine along the O-C2 and Cy-Cs bonds 
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respectively, while the minor mode of cleavage involved loss of the 
benzoyl group from the Cy position of the oxazolidine ring. 

Table XVII shows the proton magnetic resonance data on 
oxazolidine isomers which could not be isolated due to experimental 
dunia cultys 

On the evidence presented in Tables XIV, XV, XVI, and XVII, 
three possible gross structures for the product oxazolidine could be 
envisaged that would fit the experimental findings. The structures, 
2, 5, and 4 imply no stereochemistry at this point, and the reaction 


axpresseal Dy equation [76 ]twill Ibe used ’asi an illustration, 
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In the problem of unambiguous structure assignment to this 
product and those from other related reactions, several important 
factors must be taken into consideration. The first of these is the 
gross structure of the product,which may be one of the three classes 
of isomeric oxazolidines A, B,or C. Thermal cleavage of the aziridine 
ring to the intermediate azomethine ylide and [2+3] cycloaddition with 
the aldehyde would explain the products of class A and B. The third 
class, type C, could be envisaged as arising from a ring expansion 
reaction involving cleavage of the 1,2-bond of the aziridine rings 1t 
is possible that this reaction might proceed by a nucleophilic attack 
at the more electrophilic 2-position of the aziridine ring, 149 followed 
by a ring expansion reaction. However in this discussion, a reaction 
ofithisitype will be referred to as the ‘ring éxpansion” reaction, in 
order that no unwarranted assumptions need be made about its mechanism. 

It was expected that products of several types might occur in 
this kind of reaction in view of the results obtained by Lown and 
coworkers in studies of 3-aroyl-2-arylaziridines with aryl 
isothiocyanates to form (a) 4-aroyl-S-arylamino-4-thiazolines (Type A) 


150 


or (b) 2-arylimino-4-aroyl-4-thiazolines (Type C), equation [77 is 
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Similar results have very recently been obtained by Lown and 


Matsumoto in reactions of 3-aroyl-2-(2-thienyl) aziridines with aryl 


31 


isothiocyanates, and sttsappearsathiat tie Sizevor thesN-subsratuent 


Concer ol setic typewor product obtained (Class A or Oh 
Furthermore the literature contained precedents for reactions which 
apparently led to oxazolidines of class C in instances where the 
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aziridine ring contained no N-substituent, equation [78]. 


oH 
N 
CH>——CH 
255 4> @ RCH=O ——-> H 
[78] Na | x 
0 R 


However the validity of this result has been questioned in 


a 


recent years by Hillers and Lidaks ,1°45195,156 
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Distinction between [2+3] cycloaddition and ring expansion product 


oxazolidines,. 

3-Benzoy1-1-isopropyl-2-(3-nitrophenyl) aziridine and 
benzaldehyde were found to react in benzene solution under reflux to 
produce a mixture of approximately 60:40 isomeric oxazolidines as 
estimated by p.m.r. integration of the spectrum in Figure IVA. 
Examination of this p.m.r. spectrum of the products from equation [76], 
revealed that no clear cut distinction could be made between structures 
Pyesy sana onPthis’basis. 

Accordingly when the reaction was repeated with 
a-D-benzaldehyde, (99.5% deuterium incorporation), a mixture of 
aineelipacnns deuterated oxazolidines was obtained in approximately the 
Same proportions (67:33). Structures 5, 6, and 7 show the compositions 


of the possible products. 
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The spectrum of the product (Figure IVA), showed that the two 
sharp singlets attributed to the 2 protons of the isomeric oxazolidines 
were undiminished, whereas the two AB quartets were now replaced by a 
Palm Or sharp singlets forthe C4 protons of isomeric oxazolidines. 
Since the deuterium incorporation was found to be almost 100% at the 
S-positions, it is clear that the ring-expansion product structure 7 
may be excluded from further consideration, since for this structure an 
unaffected AB quartet would be expected, and no singlet at all for the 
oxazolidine 2 proton. 

Onethis basis structure 4 in the protium series can also be 


eliminated from consideration. 
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Proton magnetic resonance spectra at 100 MHz in CDCiz of (A) 
4-benzoy1-3-isopropy1-2- (3-nitropheny1)-5-phenyloxazolidine 
(B) methine protons of 4-benzoy1-5-deutero-3-isopropyl-2-(3- 
nitropheny1)-5-phenyloxazolidine. 
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Withethisedonéesthree-=possibilities-still existed for the 
pair of isomeric oxazolidines from the deuterium labelling experiment. 
They could be ets- and trans-5, cis- and ULANS=0 OY a Ppairect Structural 
isomers from 5 and 6. The same possiblities existed for the protium 
compounds 2 and 3. 

This problem was resolved by evidence derived from further 
critical deuterium labelling experiments described below, from which it 
was found that the above products were in fact ets- and trans-isomers 


of structures 2 and 5. 
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Orientation of the [2+3] cycloaddition reaction 
eae OE 


The second important point to consider is the cycloaddition 
orientation with respect to the geometry of the aziridine and to the 
aldehyde dipolarophile. As will be shown this gives rise to, in 
principle, sixteen possible stereoisomeric oxazolidines representing 
event racemic pairs. 

It has been demonstrated by Huisgen and coworkers , 115 that 
under thermal conditions substituted aziridines cleave along the 2-3 
bond in a conrotatory manner in accordance with the Pred_cevonswot, 


Woodward and Hoffmann? 


to form azomethine ylides. The cts-aziridine 
furnished the trans-ylide,while the trans-aziridine produced the 
evs-azomethine ylide. ‘Furthermore since the aziridines used in this 
study possessed different substituents at the 2- and 3-positions, the 
trans-azomethine ylide could adopt two orientations, while for the 


etvs-ylide the U (horse-shoe) and W forms 118 


WerempOSSiDlc, ss rorreach 
of these four azomethine ylides there existed four possible orientations 


of the aldehyde dipolarophile, giving a total of sixteen isomeric 


oxazolidines as shown below in Scheme I, 










S) °e— 



















7 
w 7 
a cor yohes. a¢ ees iat | . ~ 6) aoa aa m 3a 
>} bj s 14 J ) m9 741! sii tranmi baatin ov , 
i} | oh 
: ond OF by ta yueroan of: og Joqnet (IN Mesearnee 


: t 
, 4 fi pars olga as tegih sbydebia 


' <M 4 5 iJ y 7 
wiltd Adal 2 LOSER: 32 (anozioores o Ol ut2 = —_— 
ying 2 inson wie 
‘ Ts ta ; | fz 4] cud 9 ores 

ihe pals rob 
17189 #2 od 

“ase , es fin inci be pa 
; Di9 ‘ft ae 2 owt 
gf i a nbdsamo ak 
Ry . . Pr naied 1 FS ingYe?a ly Leaaezeg ‘bud 
1 ' , 7 | 
shite sate nasal mtd 


Di \ ie-9 rod) 2 only ‘ai Hest 


dj ok beteda 43 aobily subtzamesh aay ¢ ss 
+) i oe ae hae 10 o3 vig oh g {WIRED gil soins 0 70 


Fj od Wd null ante el eon — 





\o 
Ho 
(=a 





I oweyos 


WIOF -fl + = “i 






A£L01B201U04) 


IV H 
SUDA 


WIOF —\{ 





7 wae 
) : : 4 ral . : a7 Le 


—2 





I oweyos 


cee 22 12 02 er 8T we OL 
™ H Wes O | 
Hy hy y : Y et a Ta ee 
Syn : ee oe xe : H H 
| N H if H Ay \y N oy mn 
= 4 +y : / i H | a y N oY N H 
u H g H iy ‘aero yf 
oy 











ALOILIOLUOD Hi! Vv 


Zi — {02 


$29 





Examination of Scheme I shows that the racemic pairs of 
structures are 8 and 13, 9 and 12, 10 and 15, 11 and 14, for the 
oxazolidines from the trans-aziridine, and 16 and 21, 17 and 20, 18 and 
23, 19 and 22 for the oxazolidines from the cts-aziridine. 

Evidence will now be presented to show that from all these 
possible structures, only 16 and 17, (and 21 and 20) are in accordance 
With the experimental results. 

POMENISeWOTKeDEOSressed, references appearednin tie literature 
concerning this type of [2+3] cycloaddition reaction of aziridines and 


aldenydes.. In va réview by Huissen in ep 


an N-aroyl-trans-2,3- 
dicarbomethoxyaziridine was reported to have reacted with benzaldehyde 
forproduce. an-oxazolidinesin 97% yield, equation [7345 Since a 
symmetrical aziridine had been employed, there was no question regarding 
the orientation of the cycloaddition, though it was reported that three 
stereoisomers were obtained. The problem was apparently not further °’ 
resolved. 

In 1969, Heine and Mee studied the addition reaction of 
4-nitrobenzaldehyde to a bicyclic aziridine, 1,la-dihydro-1-(4- 
nitropheny1)-2-phenylazirion[1,2-a]quinoxaline 24, to give 
1,2-dihydro-1,2-di (4-nitropheny1)-4-pheny1-3aH-oxazolo[3,2-a]quinoxaline, 


Zo, equation, [79 |7 
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The assignment by these workers of the orientation of addition 


was solely in the direction shown, but it should be noted that the 


assignment was based on proton magnetic resonance line positions and no 


aLeeipe Was Made to Study the Stereochemistry of the reaction. 


This 


Orientation or addition with the bicyclic aziridine 1s opposite to that 


asciened to tie series Of Simpler aziridines in this work, 


Texier and Carrie 


Lor, 


hagvesalsoORrepoOrucdsdesyitmesiss Ot 


oxazolidines by [2+3] cycloaddition reactions of an azomethine ylide with 


aliphatic and aromatic aldehydes, equation [80]. 
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Their products, which were stable to attempted epimerization, were 
oriented solely in the direction shown in equation [80]. In some cases 
(R=CeHc), they obtained isomeric mixtures of oxazolidines which differed 
in the relative configurations at Cy and Cs. The C2 proton of their 
compounds was not coupled in the proton magnetic resonance spectrum and 
was always characterized by a singlet, independent of the nature of the 
R group. 


Huisgen has stated? 


that the orientation of [245] 
cycloaddition reactions may not be safely predicted on the basis of 


an assumed assignment of nucleophilic and electrophilic centers in the 


108 shay 


Beoadipole. he results, Of heine ane, lexier, reported above would 
CcnhoscOusupport tits) Staremcnt,soince their oxazoimdinessare oriented 
POetie sOp0Ostte directions, 

Huisgen has also stated°* that resonance formula with electron 
sextets, though they make at best a small contribution to the ground 
SuoeeeOeticulso-cipole,,are capayle or directing thescourse of 


reaction. The main sextet form of the azomethine ylides concerned in 


this work is given in structure 29. 


SEC 


This might be expected, in the case of aldehyde dipolarophiles, 


to lead to products oriented in the fashion of the oxazolidines obtained 


by lexier and Carrie. 19? 



















wid buss aaa aire 
doenn cmon x} (08) oLteype AE pale nolo eth sd 
Beeevih ivite sonst toxaxc 96, MaMa sbrieanet Saati 
sloAt? to notouy ¢D ot? .g0 ine e) Je sno wevuly iio 
Bhs wuriooje 2vinto-tt ol ssagae nbdoug 243, ni Evlaquoa a 
ait) Fo sniden offs bo. Jomietggeinr , salgnte £ yd horizespexads | 


(cas) Yo nottesnadee ots aids “"betese cll qogekael 
4m 2hend oft no botothetiq yisine'od gon yo emo eTIRST M0 


oy Ki erodes orf dgqousaeTs bare giliihpeioun to Joamagiees beri 
' ste 


binow evocy bottoysr \4Cy test Bad BO rei oni lo 2ilueer off | 
5 < ope 
“being ity aes vonililomed stellt sunie ($seentetse cals Toque Ss 
{ . : : re) 
,wwistsetth stigeqqo of 
‘° 7 ne ait a 
norjeola sidtw olsmtent oo (tne tu) SM osuve o2lg aaa aogetolt , 


bruorg 243 of nottudittigo theme 2 gzed 15 etaa yo signa, a 


ro 
Io. s2uyes sit sotsaextb bated sldtuns 2:5 siaqeb-£, i a pTeIe 


% 


yaa 






Pave 


ni entenites zbily outdumpian ent 20 mor josuse nina aiff 
o a 
es suutturrge wi movig ef 


eer 


dL 


Distinction between the two possible orientations of the {2+3] 
cycloaddition 

A series of specifically 3-deuterated aziridines were prepared 
and reacted in [2+3] cycloadditions with the group of aldehydes 
previously mentioned to form deuterated oxazolidines in fair yields, 
The 3-deuterated aziridines were prepared by the general method of 


qis8 


Lown, Moser, and Westwoo as shown in equation [81]. 


O sae - O 
if | KOAc I 
es OP SS a C— C=CH 
i CaHsOH | 
- Br 
2 RND» 
[81] | 
: 0 
a | 
RNDz Br + aN CH 
( 


R 30 - 





The readily available dibromochalcones were dehydrobrominated 
in good yields to the corresponding monobromochalcones using potassium 
acetate in ethanol solution. The carefully dried product was then 
treated in anhydrous ether with completely deuterated primary amines to 
afford the 3-deuterated aziridines. The extent of deuterium 
incorporation was determined by proton magnetic resonance spectroscopy. 

A series of five such compounds were prepared and the yields 


and percentage deuterium incorporation are summarized in Table XVIII. 
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TABLE XVIII 





. . . | 
3-Deuteroaziridines Rz-C-CD ego 


Ry 


Meera See oe ie ok” I ee Pe 
D incorporation 





Ry Ry Rx Yield % % 
CH CéHs C6Hs CeH4-p-CHz 46 70 
CeHy 1 CeH4-p-NO2 CoHs 63 69 
Coy CeH4-m-NO5 Cols 57 70 
CHy Col4-m-NO2 C6Hs 65 85 
Coy 1 Cols C6H4-p-NO2 ie 60 





3-Benzoy1-3-deutero-1l-isopropyl-2-(3-nitrophenyl}aziridine 
prepared in this manner (85% D incorporation), reacted with freshly 
distilled benzaldehyde to produce a pair of isomeric deuterated 


oxazolidines, equation [82]. 


benzene 


at 0.5 + oa aca aay Deuterated 
A 


SS) 


[82] CgHs- ace 
oxazolidine 
H 


| 
CH 


i 
CH Hz 


Since the product of ring expansion had been excluded, two 


gross structures remained to be considered. 
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In the proton magnetic resonance spectrum, singlets for the 
2 protons, and a diminished AB quartet for the 4 and 5 protons would 
be expected for structure 351. For structure 32, diminished singlets 
PODeENoe PECLONS,. and unatfected AB quartets ror thes4 and Si protons 
wWouldsbe expected for the is0meric product. Une of the isomers was 
separated from the mixture and the p.m.r. spectrum of the compound 
showea a singlet at 6,106 (1H) due to the 2 proton, and a diminished 
Poeiuatee lecenttedso0 4.700 0. 5njeand o,52 (LH )\ewitheJe=—86 40 Hz 
CEreure VGi% The remaining isomeric mixture contained a small quantity 
of the above isomer, plus the second isomer the p.m.r. spectrum of 
which showed a singlet at 6.206 (1H) and a diminished AB quartet 
eeneredeat so 4200 0.58) endes5.ol6 (1H) with J = 5.700HzZ) (see Pagure 
VG sand D). 

It 1s clear that both compounds were consistent with the gross 
structure 31 but not with 32, a conclusion which was later confirmed 
by acid hydrolysis experiments to be described. It is interesting to 
note that this unambiguous proof of the direction of orientation is in 


Toy 


accordance with the results of Texier and Carrier, and with recent 


work of Lown and Povorkere 2091 5t,158 199, 160 and wWiallereccolvemnurtner 
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Support’in Chapter Ill of this thesis. 

Having eliminated the ring expansion product and solved the 
mode of orientation it was concluded that the isomeric oxazolidines 
were cts and trans isomers of structures like 31. With this information 
the p.m.r. line positions of all three protons in each oxazolidine may 


be unambiguously assigned (see Tables XV and XVII). 
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mNOoCeHy O D 
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Ho. N COPh 
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Ficure V Nuclear magnetic resonance spectra at 100 MHz in CDCl, of 





(A) 4-benzoyl-3-isopropy1-2- (3-nitropheny1)-5-phenyloxazolidine 

(B) methine protons of 4-benzoy1-5-deutero-3-1sopropy1-2-(3-nitro- 
phenyl)-5-phenyloxazolidine (C) methine protons of 4,5-trans-4- 
benzoy1-4-deut ero- 3-isopropy1-2- (3-nitrophenyl)-5-phenyloxazolidine 
(D) methine protons of 4,5-cts-4-benzoy1-4-deutero-3-isopropy1-2-(3- 
nitrophenyl)-5-phenyloxazolidine. 
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The p.m.r. integration of the oxazolidine isomers in the 
experiment described indicated 68% incorporation of deuterium in the 
oxazolidine compared with 85% in the aziridine substrate (see Table 
XVIII). An analogous diminution of the extent of deuterium 
incorporation from aziridine to oxazolidine was observed in a series 
of related reactions. This should be contrasted with the cycloaddition 
of a-D-benzaldehyde, which gave virtually quantitative transfer of 
deuterium into the oxazolidine. 

The loss of deuterium mentioned above has been attributed to 
leakage from the azomethine ylide intermediate, for independent 
experiments have shown that the oxazolidines are completely resistant 
to epimerization at the 4-position. This conclusion was supported by 
results from investigations of the stereochemistry of these 
cycloaddition reactions which will be described later. The leakage may 
be attributed to the relatively sluggish reactivity of the aldehyde as 
a dipolarophile,which enables the azomethine ylides to equilibrate and 
perctially exchange prior to addition. 

The above results were substantiated by analogous experiments 
WIEENeOtMerEsDecir ically deuteratedsaziridines from able XVIlI to yield 
4-D-oxazolidines, the proton magnetic resonance spectra and mass spectra 


of which are summarized in Tables XIX and XX. 
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Table XIX shows that while aromatic aldehydes gave isomeric 
mixtures, the reactions with chloral as dipolarophile produced only one 


compound analogous to structure 31, e.g. 33. 


6H] 1 
H 
‘ H 
0 C2Hj-p-NO 
Cel; Oa 


A new feature in these compounds was the powerful 
electron withdrawing effect of the 5-trichloromethyl group on the 
Magnitude Of the 4,5 proton-proton spin coupling constant, which was 
reduced to a value of (5.7-4.0 Hz) compared with the range of trans 
coupling of (/745-5.90 Hz) in the oxazolidines derived from aryl 


aldehydes. 
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Chemical Proof of Oxazolidine Structure 


It has been pointed out by Cornforth!4 


that acid catalyzed 
hydrolysis of oxazolidines to give aldehydes is a characteristic 
reaction, Accordingly representative examples of the synthesized 


oxazolidines were subjected to acid catalyzed hydrolysis an example of 


which is shown in equation [83]. 


CH 


CH 
? No % 
| CH3 NO> a 
7 wait A 0 
c Loy eae 
4 on HOE CHO Gui C—C, 
H / 
' 0 CeH4-m-NO> CH-0-H 
2 ,4-di0,N-CcHz 
| NO 
34 2 
NO> 
[83] 
NO, 3 
r 
O2N CHO wera (CH 3) 9 CH-NH-CH3~-C-CgHs 


Hydrolysis of 4-benzoy1-5-(2,4-dinitropheny1)-3-isopropy1l- 
2-(3-nitrophenyl)oxazolidine 34, in dilute hydrochloric acid produced 
3-nitrobenzaldehyde and 2,4-dinitrobenzaldehyde,which were isolated and 
characterized as their 2,4-dinitrophenylhydrazone derivatives. 
Similarly hydrolysis of 4-benzoyl-3-isopropy1l-2-(3-nitropheny1)-5- 
trichloromethyloxazolidine 35, in glacial acetic acid containing 


NyVerocwiOre weld attorded S-nitrobenzaldehyde, characterized as its 
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2,4-dinitrophenylhydrazone, and benzoic acid, equation [84]. 


i 43 
2NHC1 
[34] H ———> CHO + COH 
CHzCO>H 
CCT H Sire 
; A 
e 0 CeH4-m-NO5 
35 


The benzoic acid probably was obtained from the oxazolidine 
4-benzoyl group. 

Thus the oxazolidines were in accordance with literature 
requirements for such compounds, 

Attempts to effect epimerization of the oxazolidines at the 
4-position by the action of bases like N-diisopropyl ethylamine and 
sodium methoxide were unsuccessful although some hydrolytic decomposition 
was observed. This effect has also been observed by Lown, Moser, and 


di°8 in their work on imidazolidines. This result was of great 


Westwoo 
importance in the assignment of the stereochemistry to the oxazolidines 
produced in the reactions under study,which is described in the next 
sect Lon, 


In the examples studied the oxazolidines were found to be fairly 


stable under conditions of their formation. 
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Stereochemistry of the Cycloadditions 

It was found that chloral reacted with stereoisomerically 
pure samples of cts and trans-3-benzoyl-1l-cyclohexyl-2-(3-nitro- 
phenyl)aziridine under the same conditions to give the identical 
oxazolidine in approximately the same yields. The gross structure and 


orientation of the product is shown in equation [85]. 


0 
Cec - CeHy4-m-NO> 
Ss 7; 5 Gi (C= =() 
Hl % : “SS GH ! 
H 6. 5a 
1 /&oHy 1 
Coy) : 
[85] benzene Hi I 


0 
II 
605 wea 
: a GllgUstese 30. 


“) tt 


CoH] 1 


ApSimitar representative reaction of 4-nitrobenzaldehyde to 
ets and trans-3-benzoyl-1l-cyclohexyl-2-phenylaziridine also afforded 
only one stereoisomerically pure oxazolidine the gross structure of 


which is given by 37. 


| 
Ce-He-C 
65 
CoHay 
i 
H Is! 
~s 
0 Ce6Hs 


p-O2N-CeHy 
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This showed that the cycloaddition was not stereospecific, and since it 
had been shown that there was no post isomerization of the oxazolidines, 
it was concluded that the reason must lie in the intermediate azomethine 
ylides. It has been demonstrated by Huisgen and coworkers (Chapter I), 
that aziridine 2,3-dicarboxylates under thermal conditions are subject 
to conrotatory ring cleavage, and that the resulting stereoisomeric 
azomethine ylides may frequently be trapped in a stereospecific 

manner, provided a sufficiently reactive dipolarophile is 


employed, 11>,116,117,118 This is illustrated in Scheme II. 


Scheme II 
CHz02C CO2CH3 CH309C H 
& oO s ey, 
H N: H H N CO2CHz 
| | 
A A 
H C07 CHz H H 


CHz05C 


oN pe Braet 4 + ak 
N H ——— 
| 


N 
k-1 CH302 ! CO2CH3 
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In cases where less reactive dipolarophiles were used, the 
reaction with a trans-aziridine produced progressively less of the 
ets-adduct, and it was considered that the rate, symbolized by kz, was 
sufficiently depressed to permit establishment of an equilibrium 
leading to reaction exclusively via the more stable trans-azomethine 


ylide.1!7 


The conclusion from this was that only a trans 1,3-dipolar 
cycloaddition product was to be anticipated from either the ets-or 
trans-aziridine under such conditions. 

Since the carbonyl bond of aldehydes has been shown to be a 


sluggish dipolarophile,°? 


it was concluded that in the present reactions 
the intermediate azomethine ylides derived from the thermal cleavage of 
thee2—> bond or the S-arcylaziridines equilibrate prior to addition, 


leading to the formation of oxazolidines exclusively through the more 


stable trans-azomethine ylide 38. 


he 
H N Ar 
c + 
or H 
0 
38 


This therefore lowers the number of oxazolidines to be expected from 
eight racemic pairs to two such pairs (Scheme I). 

The isolation of isomeric oxazolidines can now be accounted 
for by the two possible modes of addition for a constant orientation 


of the aldehyde as shown in Scheme III. 
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SCHEME? TK 


nore jou 
H N Ar H N Ar 
38 
Ar-C H —_— Ar-C H 
| | 
O 
R H 
~ a 
Cae C=0 
Ho re 
CH 
6 
roy ve ” 
R N ree | ie 
COAr COAr 
O H O H 
H R 
39 40 
trans-4,5 ets-4,5 


The trans-4,5-oxazolidine would be expected to be the more 
stable isomer and its mode of formation the favoured one, which indeed 
accounts for the majority of the products formed. 

There existed however the possibility of an initial 
stereospecific addition to form the oxazolidine followed by a reverse 
electrocyclic cleavage back to the aldehyde and azomethine ylide. 
There was an analogy for this process in the cleavage of many of the 


oxazolidines in the mass spectrum (see Table XVI). Huisgen, Scheer, 
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and Mader!!®© have also considered this process in another example.” Inis 
possibility was tested and found to be inoperative since an independent 
reaction of 4-benzoy1-3-isopropy1-2-(3-nitropheny1) -5-trichloro- 
methy1-trans-4,5-oxazolidine with dimethyl acetylenedicarboxylate, a 


much more powerful dipolarophile than an aldehyde, !17 


produced no 
evidence of trans-3-pyrroline formation, giving only starting material, 


equation [86]. 


CH 
\ Cll COZ CH 
CC13 es | 
7 GsHems0y ff 0 
COCgH 
0 H 
ae C0>CHz 


The results from this work and the rationalization given in 
Scheme III are similar to those obtained by Lown, Moser, and Westwood!?8 
in the [2+3] cycloaddition reactions of sulfonylimines and 
3-aroylaziridines, where the addition proceeded exclusively in the 
same direction as in the present work and gave predominantly 


trans 4,5-imidazolidines 41, and only occasionally ets 


4,5-imidazolidines, 42, 
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In six-membered ring systems, both homocyclic and heterocyclic, 
experience has shown that vicinal proton-proton spin coupling constants 
can be fairly reliably assigned to various configurations of the 
substituents in the molecule. However in five-membered ring compounds 
this is not necessarily the case, and vicinal proton coupling is 
notoriously variable in the degree of accuracy of correlation with 


molecular configuration. !°! 


With relatively rigid homocyclic and 
heterocyclic five-membered rings, the Karplus relationship of dihedral 
angle to coupling constant +°” can be applied, and leads to clear 
distinctions between couplings characteristic of ets and trans coupled 


protons , 104,105 


However in other ring systems such as dioxolanes and 
the oxazolidines described in this work, examination of molecular 
models indicates a greater degree of flexibility of the heterocyclic 
ring, and this leads to smaller differences in the magnitude of the 
vicinal couplings thus rendering configurational assignment on this 


basis a hazardous swansea So) eae Boe 


Withethesexcention ote line 
positions reported by Paukstelis and Hamnaker!*! for a series of 
oxazolidine-Schiff base mixtures, no information on the p.m.r. spectra 
GEscxazOligines Nas appeared in the literature tordate.. It was 
therefore necessary to seek analogous systems to obtain trends in the 
p.m.r. spectra vicinal coupling constants, and the dioxolane ring 
system was chosen as being as closely comparable to the oxazolidines 
as possible. | 

The closest analogy in the literature was the data on cts and 


trans-2,2,4,5-tetramethy ldioxolane ,1°°43, 44. 
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ee al cig Ne 


CH CH3 
0 
3 CH 
H 
43 Jq 5 = 5.85 Hz 44 J4 5 = 8.35 Hz 


On the basis of the trans coupling constant in 44ebeing larger 
than the evs in 43, the oxazolidines described in this work with the 
larger coupling constants (7.45-5.90 Hz) were tentatively assigned the 
trans configuration, and the oxazolidines showing the smaller coupling 
(5.50-5°55 Hz) the tentative evs configuration at carbon atoms 4 and 5S. 
Those oxazolidines from chloral have smaller coupling constants than 
either of the above cases (4.4-4.0 Hz), but have been tentatively 
assigned the trans oxazolidine structure. Examination of Dreiding 
models tends to support the above conclusions, and indeed the 
oxazolidines of trans configuration were the predominantly formed 
compounds, 


167 on the 


However a very recent report by Inch and Williams 
structural assignments of some 2,2,4-trisubstituted 1,3-dioxolanes, has 
opened to question the above basis for the oxazolidine configurational 
asSignments, in that the magnitude of the czs and trans coupling 


constants at carbon atoms 4 and 5, appear to depend on the substituents 


geecne 2=pesittom of they), J-dioxolane ring, 45 (Table XXII). 
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MS 
H 0 
de ye 
O R ni 
y 1 CHz, CH20CCHz, CO2CHz 
45 


TABLE XXI 


P.M.R, coupling constants of various 1,3-dioxolanes 





Ry R5 J4.5 (ets) J4,5 (trans) 
CH; H v7.5 6.2 
CoH H DOIh 7s 5.8 
CeHe CH v4 U8 
CH, CoH CH 56 2 ROLY! 


In keeping with the view that the oxazolidine reactions 
proceed via a trans azomethine ylide, only those 1,3-dioxolanes which 
had the larger substituents at the 2-and 4-positions in a trans 
configuration were considered. Table XXI shows that in the first two 
cases the cts 4,5 coupling constant is larger than the trans value, 
Vinlomrorstnestatter two examples the reverse isthe case. Ihe latter 


pair are in agreement with the values of Anet , 6° while the former pair 
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are in direct’ contrast. 

These results when taken in conjunction with the failure to 
effect isomerization of the cis oxazolidines to trans oxazolidines or 
vice versa, indicated the need for an oxazolidine synthesis by an 
unambiguous stereocontrolled process. 

The following method, outlined in Scheme IV, was considered 


eomaeporencial route sto; toiseend. 
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SCHEME IV 


i) NaNz 


ii) Hg/Pt0, 


ous 


Sy 





Cots NH, 


| p-O7N-CeHy,CH=0 


C6Hs 


CoH, -p-NO, 
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raga 
a 
Heme C He 
m-C1-CeH4COzH 
Re YX H 
mn, = 
Cale Otle 
i) NaNz 
ii) Hy/Pt0, 
OH 
HL | wis 
efsere lel 49 


¢ | Nets = 
C65 = NH 


[88] | p-OoN-CgH4CH=0 


CuHs 
0" CgHa-p-NO2 
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Although this method offered stereochemical control at carbons 
4 and 5 throughout the synthesis, it suffered from the fact that no 
coutrolacouldsbe.exerciscdsoverathe relative configuration of the 
Substituents at the 2-and 4-positions of the ring. This was one of the 


Majomeassets: or the [2+3] cycloaddition method. 


168 


By the procedure of Foglia and Swern, isomerically pure 


trans-stilbene was converted to the erythro-ethanolamine 48, via the 


169 


trans-stilbene oxide 46. By an analogous method czs-stilbene was 


transformed via the cts-stilbene atder 


168 


47, to the threo-ethanolamine 
49. The purified erythro and threo-ethanolamines were then reacted 
with 4-nitrobenzaldehyde in an attempt to prepare the ezs and 

trans-4 ,5-oxazolidines 50 and 51, the p.m.r. spectra of which it was 
hoped would provide a solution to the stereochemical problem posed 
above. However instead of obtaining the ezs- oxazolidine 50, a 
Mixture scONSistingeot etme starting materials and the asomeric Schatt: - 


base 52, was isolated. No trace of the oxazolidine was observed in 


the product mixture, equation [87]. 


bees 


N 
H NA SS CHC gH4-P-NO, 


a” | Son 52 
CgHs 
Conversely the reaction of the threo-ethanolamine with 
A-nitrobenzaldehyde produced what appeared to be a mixture of 


oxazolidines and 4-nitrobenzaldehyde, although no clear product 
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asolenientecouldebe mace trom the p.m.r. spectrum of the mixture, There 
appeared to be  Tittle™or the Seniff base SSpresent as judged from the 


inprared spectrum of themmixture, 


H 
Nhs 
Geng CHC¢ Hy -p-NOz 
HH" \~0H 
Cols 
Re 


This particular line of approach was therefore abandoned. 

| Thespcop leno er onqer Adbne etes base mixtures could probably 
be surmounted by employing erythro and threo-N-substituted ethanolamines, 
since there would be no possibility of the oxazolidine produced being in 
equilibrium with the Schiff base. The ethanolamines required could 
conceivably be obtained by the reaction of primary amines and ets and 


trans-stilbene oxide respectively, as shown in equations [89] and [90]. 


0 OH Ht 
a 
H H RNH> a 
[89 ] < ates, $= C6Hs 
Gale Ces NHR 
CeHs 
47 54 
0 OH 
Vi CeHs RNH> les | LOS 
[90] > — 
H H 
6s Crile NHR 
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Preliminary studies in this direction were initiated but difficulty was 
encounteredain the sabovesstage, and lack.of time prevented a more 
detailed. study .of the problem. 

Thus the question of the relative stereochemistry of 
substituents at the 4-and 5-position Gf the Oxazolidinesring was) not 
settled unambiguously and though the majority of the available evidence 
appears to favour the assignments proposed, their tentative nature must 


be emphasized. 


Summary 

The [2+3] cycloaddition reactions of 3-aroyl-2-arylaziridines 
with aromatic aldehydes and chloral to form oxazolidines in fair to good 
yields have been enone crated: The orientation of addition was 
established, and tentative assignments of the stereochemistry at 
positions 4 and 5 of the ring are proposed. An ee ring 
expansion product structure was considered and discarded. It is of 


L7t on the reactions 


interest to note the work of Leonard and coworkers, 
of aziridinium salts with aldehydes, ketones, and nitriles in this 


context, for the products obtained, oxazolidinium, oxazolinium, and 


imidazolinium salts, all possessed structures of type C, equation [91]. 
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An extension of this work to other compounds, containing active 
carbonyl groups, as dipolarophiles was initiated, and the novel 
reactions and products obtained from diphenylcyclopropenone are 


discussed*invGhapter Lif, 
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EXPERIMENTAL 


Throughout this work melting points were determined on a 
Fisher-Johns apparatus and along with boiling points are uncorrected. 
Infrared spectra were recorded with a Perkin-Elmer model 421 
spectrophotometer. The polystyrene 1601 cm7l, band was used as a 
reference and only the principal well defined peaks are reported. 
Absorption spectra were measured in 'spectro'-grade solvents 
on a Perkin-Elmer model 122 instrument. 
Proton magnetic resonance spectra (p.m.r.) were recorded on 
Varian A-60 and A-100 analytical spectrometers. The spectra were 
measured on approximately 10-15% (w/v) solutions in appropriate 
deucerated Solvents with tetramethylsilane as reterence. Line positions 
orceerepocnced imparts per milion from the reference, “ 
Mass spectra were determined with an A.E.I. MS9 double-focusing 
high-resolution mass spectrometer. Peak measurements were made by 
comparison with perfluorotributylamine at a resolving power of 15,000. 
Thin-layer chromatography (t.1l.c.) was performed with Kieselgel 
DF-5 (Camag. Switzerland) and Eastman-Kodak precoated silica and alumina 
sheets. Grade I B.D.H. alumina was used for column chromatography. 
Elemental analysis were carried out by Dr. C. Daessle 
Microanalysis Ltd., Montreal, Quebec, and by Mrs. D. Mahlow of this 
department. 


In the work-up procedures reported for the various synthesis 
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described, solvents were removed with a rotatory evaporator under 
reduced pressure unless otherwise stated. 

For the stereochemical control experiments and wherever ae 
it was necessary, dry benzene was prepared by heating commercial benzene 


over sodium and distilling from fresh sodium metal. 


1. General Preparation of 3-Aroylaziridines 

Tieesvosticutedeazirtidines employed invthis study were prepared 
by established methods involving Claisen-Schmidt condensations of 
appropriate aldehydes and ketones to form chalcones, then addition of 
bromine to afford the corresponding dibromochalcones, followed by 
treatment of the latter with primary amines to provide the 
3-aroylaziridines. Full details of new aziridines are provided together 
with references to previously prepared compounds. The aziridines were 
generally obtained as cts,trans mixtures which were usually employed as 


such in the cycloaddition reactions unless otherwise stated. 


1,3-Dipheny lpropenone 
This compound was prepared in 93% yield by the method of Kohler 


and Chadwelast/- fot e>5-50,2(lideyemep, S054 >). 


2,3-Dibromo-1,3-dipheny lpropanone 
This compound was prepared in 84% yield by the method of 


Wey gand,!/° fe pee lec- lola Glit.emep. lo/ >) 


3-Benzoy1l-1l-isopropyl1-2-phenylaziridine 
Isopropylamine (24.0 g., 0.407 mole) was added in a dropwise 


manner to a stirred solution of 2,3-dibromo-1,3-diphenylpropanone 
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(SO g, 0.136 mole) in dry benzene (700 ml) at 0°, after which the 
Solutionswasmstirred for hs) ati0™,\and hen at room temperature for 
23h. The precipitated isopropylamine hydrobromide was collected by 
pidemetione( 34, 95, theoretical yureld34 ¢), and theryellow filtrate, was 
washed with water, dried (MgSOq4), and the solvent removed tn vacuo. 
The residual oil consisted of an approximately 1:1 mixture of cts and 
tronseisomers Of the desired aziridine (36 ¢, 100%), which partly 
crystallized on chilling. The isomers were separated by preparative 
thin-layer chromatography on silica with a 3:1 mixture of benzene and 
heptane, which afforded the pure cts isomer and slightly impure trans. 
The latter could be obtained isomerically pure by further chromatography 
on alumina with heptane as eluant. The stereochemistry was readily 
assigned by reference to published p.m.r. and infrared spectra, 146.147 
cis-Isomer: pale yellow crystals, m.p. 90-91° (heptane). 
Miialee Coled.  10r Cy gH) gNO: Cre Ol odie eg wil Neocon 

Hound vee Gen ol oases) 7.205 Neon. 
Massespectium: Calcd, 205.1467 (Cj gll; gNO) . Found?) 265.1463% 
Infrared spectrum Uh ae (CHC1lz): 1683 Cm (ary le C=O)n 
Pe eh eespeccoum (CDCI ite 1.22) (doublet, Of, J = 9s) 70 -Hz;: isopropyl CH3), 
IP soe(Septet,, Ii, asopropy! Co), 5.18 (Sinclet ec agi eldinesri ne 
protons), 7.00-7.50 and 7.80-8.01 (multiplets, 10H, aryl protons). 
trans-Isomer: low-melting yellow solid, m.p. <25°. 
Anal. Calcd. for C,gHj9NO: C, Olas Sale Ochs Bi) ioulyien @ Niger eC 

FOUnG ee GweG lyse He ano cee oe Wo 


Mass spectrum: Calcd. 265.1467 (CygHj9NO). Found: 265.1468. 
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Infrared spectrum Vv (CHCl 2): 1662 cml (aryl) C=0); 


max, 
Bev namopecerums(CUG]2).) 0 9te(doublet,, 31:9) = 6.0 Hz; isopropyl CH<) ; 
Poko m\ oe Ounettal =m 0, 0h mLSOprOpy.. CHz) 2.198 (multaplet; Ln, 
isopropyl CH }, 3.46-3,66 (AB quartet, 2H, aziridine ring protons), 


7,16-7.58 and 7.96-8.16 (multiplets, 10H, aryl protons). 


1- (4-Nitropheny1)-3-phenylpropenone. 
This compound was prepared in 74% yield by the method of Pond, 


174 


Maxwell, and Norman, mepeeleo-147. (lit. Mp4 oe oO )s 


2,3-Dibromo-1- (4-nitropheny1)~-3-pheny lpropanone 
This compound was prepared in 85% yield by the method of 


Weygand,t/° Pegi s 


1-Cyclohexy1-3-(4-nitrobenzoy1)-2-phenylaziridine 

A solution of cyclohexylamine (14.8 g, 0.15 mole) in benzene 
(50m1) was added to a stirred solution of FB a a ee 1) - 
3-phenylpropanone (20.4 g, 0.049 mole) in benzene (600 ml) at O" % ene yee 
which the suspension was stirred for 1h, at 0°, and then at room 
temperature for 23h. The precipitated cyclohexylamine hydrobromide 
Was removed Dy tiltration (1/.5 g, theoretical yield 1/672), and the 
filtrate was washed with water (3 x 50 ml), dried (MgS04), and the 
solution concentrated in vacuo to ca. 50 ml, and then chilled to give 
an isomeric mixture of the desired aziridine as an orange-brown solid 
(13 g, 76%) m.p. 96-99° (hexane). 
Annales Galed: for C5 1Ho N02: emia. UU lige Oerao sa mL 5 

ROUMG@ eet Gn uric LOy ol, Oeon; INs iso: 


Mass spectrum: Calcd, 350.1630 (C5 Hp2N 02). Found? 35071634. 
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Infrared spectrum Vax (CHC1z): 1681, (C=0 of ets isomer), 1656 emt 

(C=O of trans aziridine). 

PoMOR, spectrum (CDC\7): 0,83-2.00 (multiplet, 10H, cyclohexyl CH), 
2,33-2.76 (multiplet, Tec Lonexy IC) 4) 3.22 0(sinelet, a7 crs 

sZt ridine ring protons), o.0/ (singlet, 2H, trans aziridine ring protons), 


Poo ope multipler, Ol sary] protons) . 


3- (3-Nitropheny1)-1-phenylpropenone 
This compound was prepared in 100% yield by the method of 


Sorge,-’° m.p. 145-147° (lit., m.p. 145-146°). 


2,35-Dibromo- 3- (3-nitropheny1)-1-phenylpropanone 
This compound was prepared in 99% yield by the method of 


aS 


Sorge, epee eo OO lv tee mene 190), 


3-Benzoy1-1-isopropy1-2-(3-nitropheny1l)aziridine 

AVsolution of 1so0propylamine (21.5 ¢, 0.3564 mole) an dry 
benzene (100 ml) was added dropwise to 2,3-dibromo-3-(3-nitropheny1)-1- 
Bacny i propanones (50 ¢, O. 124 mole) in dry benzene (S00 ml) stirred at 
0°, The cloudy suspension was stirred at 0° for 1h, and then at room 
temperature for 23 h. The precipitated isopropylamine hydrobromide 
WeeecOllectcasby teltration. (25 ¢, theoretical yield 35.5 8), and the 
filtrate was washed with water, dried (MgSO4), and the solvent removed 
tn vacuo. The yellow oil obtained was dissolved in benzene (50 ml) 
and heptane (100 ml) was added and the mixture chilled to give as a 
white solid, the desired aziridine in the form of its trans isomer 
(35.6 g, 95%), m.p. 96-97° (methanol). 


Anal Galedjetor C7 gH gNo03: oe, GO s005 lls Deo. N, Woe 
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POU Comme OOO d el ako Gs ON mmo. LBV. 


Mass spectrum: Calcd. 310.1310 (Cj 9H) N,02). Found: 310.1317. 
Infrared spectrum eee (GGT) = = 1665 cm! (C=O0F0t Crajiewaz ridinc)s 
POM.R. spectrum (CDCIz): 0.93 (doublet, 3H, isopropyl CH3), thro ES) 
ooubiet, ole tsopropy 1 Ciz)) 2.00-35.20 (multiplet, 1H, isopropyl CH), 
Crm St iotcte Loe vovesatl Tricine ring protons) ..7,c0-6-50 (multiplet, 
Sneearyi= protons). 

ijmelacet@repeatsvoOr=tnas reaction aziridine mixtures containing 
from 0-15% of the ezs isomer were obtained but the latter was not 


isolated, 


3-Benzoyl-1l-cyclohexy1-2- (3-nitropheny1) aziridine 

A solution of cyclohexylamine (155 Sees Ol S70 le ane benzcne 
(SO ml) was added dropwise to 2,3-dibromo-3-(3-nitropheny1)-1- 
Deere 2 epenouem( soo? p.Uoemole)ein benzene (S00 ;ml)) starred at Oar 
The mixture was stirred at 0° for 1 h, and then at room temperature 
for 23h. The precipitate cyclohexylamine hydrobromide was removed by 
filtration, and the filtrate was washed with water, dried (MgSO 4), and 
the solvent removed tn vacuo to yield the desired isomeric aziridine as 
a yellow oil (15.5 g, 88%) which crystallized very slowly on chilling 
to give a white solid, m.p. 95° (methanol). The isomers were separated 
by fractional recrystallization from methanol. 
cts-isomer: white solid, m.p. 124-126° (methanol). 
Pie lme cal Cd. mioce Un Hy ONO, se Uo 2.005) 11, oe2o SN 3,00% 

Found scam 12/05 Hy Fon ley FaNGe GRUY. 

Mass spectrum: 350.1630 (C5 H59N502). Found 350.1654, 
(CHG1z) = 1661 cm7 | (C20*or wets ami ridine).:. 


infrared Spectrimy, 25 
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BoM spectrum (CDC1,): 1.00-2.05 (multiplet, 10H, cyclohexyl CH), 

oe 2oeee UR MULTI p let i acy clohnexy | CH) , SUVs eehevel 7785 (UNE Tent ewawcru 5) lee 
aay tii Meanie worot Oo amwelemcOunleG aJl=  /aHZ) 67 .20-s.50 (multiplet, 
JH aaromatine protons). 

trans-isomer: white solid, m.p. 82-84° (methanol). 

Ana | aePOUn diss Ger) bof Scmtiew On Lie oN, 97.91. 

Mass=spectrum. “Found, 350.1630. 


-1 
ni earedespectrum v (CHG) 6o5 cm (C=O7 Or crane, aziridine): 


max 
Pe iowmope COruUme (CDC tam 0.002 027 (multiplet, 10H) cyclohexy 1* C5), 
oo e. e/a ltd piety li cyclonexyd) Ci)>. 3.64 (singletje 2 wazixidine 


Wi MeO LOLONS wal roe coupled) ../.50-5.50 (multiplet. 9h aromatic 


protons). 


3-Benzoy 1-1-cyclohexy1-2-phenylaziridine 


This aziridine was prepared in 70% yield by the method of 
145 


s 


Cromwell, ele tsOnen Meee UG-10c “trom metnanole (lit .,em-p. 107-109 =: 


trans isomer m.p. 99-101.5° from methanol (lit., m.p. 99-101"). 


3-Benzoy1-1-methy1-2-phenylaziridine 
This aziridine was prepared in 80% yield as a cts-trans mixture 
m.p. 88-89° (methanol; lit., m.p. 85-87°) by the method of Cromwell and 


Caughlan.}?/7 


3-Benzoy1-1-cyclohexy1-2- (4-nitrophenyl) aziridine. 
This aziridine was prepared in 67% yield by the general method 
of Cromwell and coworkers , 145 cts isomer m.p. 130-132° (methanol; Lit. jmp. 


127-128°) 178, trans isomer m.p. 110-111° (methanol; lit.,m.p. 


‘invesigety) othe 
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1-Benzy1l-2-pheny1-3- (4-toluoy1) aziridine 
This aziridine was prepared in 69% yield as a ets-trans mixture 


m.p. 113-114° (ethanol; lit., m.p. 116-118°) by the method of Cromwell 


Hoeksema, 1/9 


2 oer reparation)ot.Oxazolidines 

The aldehydes used in the reactions described were commercial 
samples of highest available purity. Benzaldehyde was distilled prior 
to use though chloral was found to provide excellent results in 


commercial form. 


4-Benzoy1-3-isopropy1-2-(3-nitropheny1) -5-(4-nitropheny1) oxazolidine 

A solution of trans-3-benzoyl-1l-isopropy1-2-(3-nitro- 
phenyl)aziridine (3.50 g, 0.0113 mole) and 4-nitrobenzaldehyde (lis 06 fee 
0,0113 mole) in benzene (50 ml) was heated under reflux for 22 h. 
Concentration of the cooled solution i” vacuo, and chromatography of the 
resulting pale yellow oil on grade I alumina (BDH, 90g) with benzene as 
eluant, gave as the main fraction a pale yellow oil which crystallized 
on trituration with cold methanol to give as a pale yellow solid (3.7 g, 
7s) oep. 103-109, a mixture (55:45 by p.m.r.) of the desired ets and 
trans oxazolidine. Each pure isomer was obtained by fractional 


crystallization from methanol. 


4-Benzoy1-3-isopropy1-2- (3-nitropheny1) -5- (4-nitropheny1)-trans 
4,5-oxazolidine 
White needles, m.p. 133-135”. 


Anal. Calcd. for CycHo3N20¢: CoS Oi etlet oo 5 Nee 4 











7 ; ~ 
7 oni err ii rT “at in? cil u nat th ¢ 4 
, amen eng canst ane il — _— 
= 4, 
otu 3% ini t ilety. $@0 Wl COTGH th: eeF aie “eee” 
; ‘epielstr 
ef 4 , = ti 20 ail ee ii3 « [oni iyo) f-20) 
4 ; a ’ “4 t emnodaor 
7 * aes ne 7 
_ 
7 _ . A ay 
J ; ; oe 
sp ildid tome 6 sath regan 3 
; : . ig i boy 
4 "hit 
Fd ' a , _ “te : _— Hue * *5 nortules 


2.89 on bit rs d Lyre | 
; : yeh gol tow (in 02) sosgaed BE (oton 10.0 
sieoo ota Me no ime nvaNnod 


d dmiw ¢ 2" o bic wolhey sieq Ediueot 


» 
> 


hetifisteyis toidw ) Woll¢ ! nvijona3 AG BA em Syvag  jnaule 


na 








ry ie 
9 {.2) bilde wolloy of . ios Waiw weed 
: b of? 3 » Tht. 
° 
ti fo o3* i vc : 5 | i HM 
v 
$ ‘| { muy jj= bas ims Ps 
— a is SA me Se — 
7 
_ ;-* - 
- * > &| 
a ar a Sue 
@ ° : 7 


Quit » wu ev 20. og 9 if 
xs 


155 


POU MeO 5. Oem eed OD ee N OR OAD 
Mass spectrum. 510.1317 (C) gH) gNo03; M-C7H-NOz) AT Cwel oe 209 
(CFH-NO 2; M-C, gH, gN50z). Mound=o10 1519 and 1510269. 
Infrared spectrum Vmax (CHC1z): 1684 (C=0), 1521 cml (aryl NOo). 
Pet mopocerume(CUCls) seed, 15) (doublet. oH. Jo-.6 6078. 1s0propy | CHz), 
2.92-3.53 (multiplet, 1H, isopropyl CH), 5.59 and 4.66 (AB quartet, 2H, 
Boome oe rOtonse vanes coupleds lea /2.45 HZ \euO.25. (Singlet. 1h, 


Sen ObON) loo. JO (Mul taplet, 15H. ary laprotons) % 


4-Benzoy1-3-isopropy1-2- (3-nitropheny1) -5-(4-nitropheny1) -ets- 
4,5-oxazolidine 

White needles, m.p. 116-119°. 

ile lem FOUN se Gem Oo aL Oss Tl. 4.94; Ny, SPAS 

Meson occ CCM mol. olo and. 15 l,0209, 


Mitrared .SvecLrum.y (CHC1 2) 16834(C-0) ands i521 em71 (aryl NOs). 


max 
eee pemcpec mune GbUl.) 30. /9 (doublet, SH,"J = 0.4) Hig) asoprepy1sCil2) | 
1.07 (doublet, 3H, J = 6.4 Hz, isopropyl CHz), 3.00-5.66 (multiplet, 1H, 
isopropyl CH), 5.77 and 5.56 (AB quartet, 2H, 4,5 ring protons, cvs 

Pome dee om eo. oO (singlet. lH. pROLOn jee / ques. 50 (multiplet, 


Pon sry LepeOLOus) . 


4-Benzoyl-3-cyclohexy1-2- (4-nitropheny1) -5-trichloromethy1l-trans- 
Ayo-Oxazo0lidine. 

A solution of 3-benzoyl-1-cyclohexy1-2- (4-nitropheny1) aziridine 
O3750-cr"0.01 mole) “and chloral (1.4/5 ¢, 0.01 mole) in dry benzene 
(50 ml) was heated under reflux for 24h. Concentration of the cooled 


solution tn vacuo, and chromatography of the resulting red oil on grade I 
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alumina (BDH, 100 g) with benzene as eluant, gave as the main fraction a 

red syrup which crystallized on trituration with cold methanol to give the 

the trans oxazolidine (3.8 g, 78.4%), m.p. 154-156° (pale yellow needles 

from benzene and methanol). 

Ana Pata] edeetor C. gH, 3C1<N50q: CHESS £4.80 wea G22 ONwe sOS5eGl, w21s41. 
Found: eC 9h55%52 40H, $4659 - SNBAS 44eeClem2 1845" 

Mass spect rum: 159180585 (GeeueagL Neos; M-C/H5CO) . Bound >qeoo1e0 5902 


Infrared spectrum v,,. (CHC1z): 1689w, 1677s (C=0), 1519s cm} (aryl 


max 
NO>). 

P.M.R. spectrum (CDClz): 0.54-2.03 (multiplet, 10H, cyclohexyl CH), 
2.29-2.85 (multiplet, 1H, cyclohexyl CH), 5.25 and 4.85 (AB quartet, 2H, 
AyseTrinee protons. urrans \coupled,.Jd°’=-4.0 Hz); 16531" (singletgpllyy 2 


Proton), 7,50-e56N(iultiplet, 9H; aryl protons). 


4-Benzoy1-5-(4-chloro-3-nitropheny1)-3-isopropy1-2- (3- 
nitropheny1)oxazolidine 

A solution of 3-benzoyl-1-isopropy1-2-(3-nitropheny1) aziridine 
(1.55 g, 0.005 mole) and 4-chloro-3-nitrobenzaldehyde (0.928 g, 0.005 
mole) in benzene (30 ml) was heated under reflux for 22 h. 
Concentration of the cooled solution in vacuo, and chromatography of 
the resulting yellow-brown oil on grade I alumina (BDH, 60 g) with 
benzene as eluant, gave as the main fraction a yellow oil which 
crystallized on trituration with cold methanol to give as a yellow solid 
(1.382 g, 55.8%), m.p. 82-92°, a mixture (39:61, cts:trans by p.m.r.) 
of the desired oxazolidine. By recrystallization from ethyl acetate and 


ethanol, the trans isomer was obtained in pure form, m.p. iis=di9e5 
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analss Calcdidor Gor,» OLN Oe. d= C48 60S Sy Hpeae 44: O Nees. 472) Cige7. 16; 
FOUN das (COwO0 e410 CHOEARAGIEN 9 S.46°. C15 7.23. 
Mass spectrum: 310.1317 (C)9H)9N 0%; M-C7H4C1NOz) and 184.9880 
(CoH, C1NOz; M-C, gH) gN502). Found:=) 310, 131 Gmandal 64-0862. 
Infrared spectrum Vmax (CHClz): 1683 (C=0) and 1528 cm7l (aryl NO). 
Po eneespect ruma( COCb<)smeleise(doublét, 6GHy J = 6.58Hz, isopropyl CH3) , 
2295=5.01A(multiplets 1H, isopropyl CH), 5.50 and 4.58 (AB quartet, 2H, 
Wome ne Protons,8c7areecoupled a = 7,20°Hz) {96.198 (sinslet, 1H; 
Pe Oran )ee/ soo. cUe(mulciplet a 12H, aryl protons). 
The ets isomer could not be isolated but was characterized by 
Hose prescrcesinethe p,m.r. spectrum of the evs. trans mixture, 6(CDC1z); 
Oy75-1.20 (GH, 1s0propyl (iz), 3.40-3.90 (multiplet, 1H, isopropyl CH) , 
Seca bownominbueguarcet. cll, 4y5ering protons, crescoupled,. J =—5 A8Hz) , 
one (pA sie cte iit s2yprotony,#/.20=38,70 (nultiplets 12H, aryl protons). 
Byestiewavove general procedure the following seriessor 


Gx-20 Voinesewere prepared,  Ineir analytical -and) spectral data are 


summarized in Tables XIV, XV and XVI. 


4-Benzoyl-3-isopropy1-2-pheny1-5-trichloromethyl-trans-4,5-oxazolidine 


was prepared as an oil in 84% yield. 


4-Benzoy1-3-isopropyl-2- (3-nitropheny1)-5-trichloromethyl-trans-4,5- 





oxazolidine was prepared in 65% yield, m.p. 111-113° (methanol). 


4-Benzoy1-3-cyclohexy1-2- (4-nitropheny1) -5-trichloromethyl-trans-4 ,5- 


oxazolidine was prepared in 78% yield, m.p. 154-156° (benzene-methanol). 
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3-Benzy1-2-pheny1-4- (4-toluoy1)-5-trichloromethy1-trans-4,5-oxazolidine 
was prepared in 38% yield, m.p. 130-131° (methanol). 


4-Benzoy1-3-cyclohexy1-2- (3-nitropheny1) -5-trichloromethyl-trans-4,5- 


oxazolidine was prepared in 72% yield, m.p. 128-130° (methanol). 


4-Benzoy1-5- (4-chloro-3-nitropheny1) -3-isopropy1-2- (3-nitropheny1) - 
oxazolidine was prepared in 56% yield as a 39:61 mixture of cts:trans; 


isomers; m.p. 80-92°, trans isomer,m.p. 118-120° (ethyl acetateethanol). 


4-Benzoy1-5- (4-chloro-3-nitropheny1) -3-cyclohexyl-2-(4-nitropheny1) - 
oxazolidine was prepared in 44% yield as a 25:75 mixture of cvs and 


trans isomers m.p. 128-132°, trans isomer, m.p. 138-140° (hexane-benzene). 
p . p 


4-Benzoy1-3-isopropy1-5- (4-nit ropheny1) -2-pheny1-trans-4 ,5-oxazolidine 
was prepared in 21% yield, m.p. 128-129° (methanol). 


4-Benzoy1-3-isopropy1-2-(3-nitropheny1)-5-(4-nitropheny1) oxazolidine 
was prepared in 71% yield as a 55:45 mixture of ets and trans isomers; 


cis isomer m.p. 116-119° (methanol), trans isomer 133-135° (methanol). 


4-Benzoyl-3-cyclohexyl-2 ,4-di- (4-nitropheny1) -trans-4 ,5-oxazolidine 


was prepared in 25% yield, m.p. 156-158° (ethyl acetate-methanol). 


4-Benzoy1-5- (2 ,4-dinitropheny1)-3-isopropyl-2- (3-nitropheny1)-cts-4 ,5- 
oxazolidine was prepared in 65% yield, m.p. 134-136° (ethyl 


acetate-methanol). 
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4-Benzoy1-3-isopropy 1-2 (3-nitrophenyl)}-5-phenyloxazolidine was prepared 
in 48% yield as a 64:36 mixture of cis and trans isomers,m.p. 121-123° 


(methanol). 


4-Benzoy1-3-cyclohexy1-5-(4-nitropheny1) -2-phenyl-trans-4 ,5-oxazolidine 


Was preparediin red. A5Se.yleidras® an ‘oil. 


4-Benzoy1-3-cyclohexy1-2- (3-nitropheny1)-5-phenyloxazolidine was 
prepared in 44% yield as a 58:42 mixture of cts and trans isomers, 


m.p. 135-138 (ethylacetate-ethanol). 


4-Benzoyl-3-cyclohexy1-2-(3-nitrophenyl1)-5-(4-nitrophenyl) oxazolidine 
was prepared in 57% yield as a 68:32 mixture of cts and trans isomers 
m.p. 128-131° (methanol). 

By#thesaboverveneral§method| several other oxazolidines: were 
DreparedsepuEmeues vo, experimentally ditficulties they could not be 
Poaceae Come ieemoactiOnimixtures.s Ielrmp.m.r. data are listed in 


Tab beakxVil< 


Attempted Reaction of 1-Benzyl-2-pheny1l-3-(4-toluoyl)aziridine with 
2,4-Dichlorobenzaldehyde 

A solution of 1-benzyl-2-phenyl-3-(4-toluoyl)aziridine (3.27 g, 
0.01 mole) and 2,4-dichlorobenzaldehyde (le Se Come O lene le pan sdry. 
benzene (40 ml) was heated under reflux for 20 h, Work-up of the 
solution as above produced a yellow-brown oil (es oO) awiachecouldr nat 


be identified. 
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5. Deuterium Labelling Experiments 


me ReaceLon aot 3-Benzoyl-1-isopropyl-2-(3-nitropheny1l) aziridine with 
a-D-Benzaldehyde 

A solution of 3-benzoyl-1l-isopropy1-2-(3-nitropheny1) aziridine 
(1.55 g, 0.005 mole) and freshly distilled a-D-benzaldehyde (0.535 g, 
0.005 mole, 99,5%D incorporation Merck, Sharp and Dohme, Montreal, 
Canada) in dry benzene (35 ml), was heated under reflux for 24 h. 
Concentration of the cooled solution in vacuo, and chromatography of 
the resulting dark red oil on grade I alumina (BDH, 60 g) with benzene 
as eluant, gave as the main fraction a yellow oil which crystallized on 
trituration with cold methanol to give as a yellow solid (0.768 g, 36.8%), 
a mixture (67:33 by p.m.r.) of ets and trans-4-benzoy1-5-deutero-3- 
isopropy1-2- (3-nitropheny1l)-5-phenyloxazolidine m.p. 118-121" \(nethanol). 
Mass spectrum: 310.1317 (C, gH) gNo925 M-C¢H_CDO) ands lO 70407 (C,H. CDO ; 
M-Cy 9H) 9N203). Found: Bie oO sande1LO7 20497 % 


= 4 : 
Infrared spectrum v (CHGIe) S167 Ss (C=0), 1526s cm (aromatic NO). 


max 
Although no isomer separation was achieved, both the cre and 


trans isomers were characterized by their p.m.r. spectra. 


4-Benzoy1-5-deut ero-3-isopropy 1-2- (3-nitropheny 1) -5-phenyl-czs~4 ,5- 
oxazolidine 

SCGDC Ts) s-069 (doublet, "SH; J "6.4 Hz, tsopropyl Chz), 1.02 
(doublet, 3H, J = 6.4 Hz, isopropyl CHz), 3.06-3.41 (multiplet, 1H, 
isopropyl CH), 5.43 (singlet, edorroton)s Ga2Z0l (cin lotee lis 


2 proton), 6.88-8.67 (multiplet, 14H, aryl protons). 
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4-Benzoy1-5-deutero-3-isopropy1-2-(3-nitropheny1)-5-phenyl-trans-4,5- 





oxazolidine 
OLOOCEs). Oso 7. (doublet{mon, J = 6.6 Hz, 1so0propyl CHz), 
en00- sie (multiplet, 1H) isopropyl CH), 4.77 (singlet, 1H, 4 proton), 


Cel mei oleteeli 2 proton). ©0,.o0-6.07 (multiplet. wl4H, ary le protons):. 


Bey erceparacion .o£V5-Deuteroaziridines 
These compounds were prepared by the general method of Lown, 
Moser, and Westwood.!°® 11 new compounds are reported in full, with 


references being given to previously prepared products. 


2-Bromo-3-(3-nitropheny 1) -1-phenylpropenone 

A slurry of 2,3-dibromo-3-(3-nitropheny1) -1-pheny1lpropanone 
(2250 PorprOnes6 imole)sandepotassiumeacetate (5.194 g560.055 mole)min 
95% ethanol (600 ml) was heated under reflux for 12 h. The resulting 
pale yellow solution was evaporated to ca. 50 ml, poured into cold < 
water (350 ml) and the organic material extracted with ether. The 
combined ether extract was dried (MgSO4), and evaporated in vacuo, to 
‘give a pale yellow oil which solidified on cooling. Grystaldizacion 
from methanol gave the desired product (12.5 g, 71%), m.p. 94-96". 
Siete calcd. 10r CysHy 9BrNOz: GSA 2S oe eee eee oA Oy, 

BOG Gy 4 los eis OO rw eee LO sabi 24 UGs 

Mass spectrum: 330.9844 Cae Pounds 9550596425 
Infrared spectrum Vmax (CHC1z): 1667 (a,8-unsaturated ketone), 1615 
(G20) 55 L525 cmt (aromatic NO»). 
P.M.R. spectrum (CDC1z): 7.28-8.85 (multiplets, 10H, aryl protons. and 


vinyl proton). 
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2-Bromo-3- (4-nitropheny1)-1-pheny lpropenone 
This compound was prepared in 78% yield by the method of 


Weygandsrmeps @106°V(1Lt:, "mip. toga: i? 


2-Bromo-1-(4-nitropheny 1) -3-pheny 1propenone 
This compound was prepared in 78% yield by the method of 


Weygand,175 m.p. 104-106° (lit., m.p. 108°) 18 


2-Bromo-1- (4-toluoy1)-3-phenylpropenone 

This compound was prepared in 92% yield by the method of 
Ciel, HEL Gee ena eae ee 
Cyclohexylamine-ND2 was prepared from cyclohexylamine by the 


method of Denny and Greenbaum, 1°? 


Isopropylamine-ND2 and benzylamine-ND7 
were prepared by this method though in the former case the ethereal 


solution was used as such in the preparation of the deuterated 


aziridines, owing to the volatility of the isopropylamine-ND9 


3-Benzoy 1-3-deutero-1-isopropy1-2- (3-nitropheny1)aziridine 

To a stirred solution of 2-bromo-3-(3-nitropheny1)-1-phenyl- 
propenone (14.3 g, 0.043 mole) in dry ether (300 ml) was added an 
estimated five-fold excess of isopropylamine-ND., in dingctnereso1ucron 
at a rapid rate at room temperature, and the resulting mixture stirred 
for 24h. The precipitated deuterobromide salt was removed by 
filtration, and the filtrate was concentrated tn vacuo, and subjected 
to chromatography on grade I alumina (BDH, 120 g) with benzene as 
eluant. In this manner a pale yellow oil was obtained which 


crystallized on chilling and trituration with cold ethanol to give as 
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a white solid the required aziridine (8.69 g, 65%) m.p. 90-92". 

Mass spectrum: 311.1396 (Cj gH) .DN,0z). Found: 311.1394, 

Pee respece num (CDCI7) 20 O2e(doublet, 3H, J = 6.28Hz, 1s0propyl CHz), 
ilom( cOup let ol J s=sOeeeuz, tsopropyl CHZ) 9 2.67-5.20){(septet, 1H, 
eer Ghee Otm (1 tolieesinm let eazici dine  ringsprotons), 7.42-8.40 
(mudtipletes Iie aryl eprotons) . 


This corresponds to approximately 85% incorporation of 


deuterium at the 3-position. 


1-Benzy1-3-deutero-2-pheny1-3-(4-toluoyl)aziridine 

A solution of benzylamine-ND> (7.64 ¢, 0.07 mole) in dry ether 
(70 ml) was added dropwise over 1 h, to a stirred solution of 
Py ei oy ye seul eny Ipronenore (2255 o- ORO Memole)einedryectier 
(200mml) at 0°. The resulting mixture was then stirred al room 
temperature for 23 h, when the precipitated white deuterobromide salt 
was collected. The filtrate was washed with water and dried (MgSO,). 
Removal of the ether in vacuo gave a yellow oil, which was dissolved 
in benzene (10 ml) and heptane (20 ml) was added and the mixture chilled 
to give the required deuterated aziridine (2.11 g, 45%), m.p. 109°, 
Infrared spectrum Vingx (CHCIz): 1682 cm7t (caQ)e 
Pevegerspectrum™(CDG17) i) 2.30) (Singlet; 3H, cyl Oh, Sow) 1S ial 
broad based singlet, aziridine ring protons), 4.05 and 3.73 @GBeduarret: 
yebenzy lech a=" 14/05 zn 7-0-8.0) (multiplet, 14n> aryl protons). 


This corresponds to about 70% deuterium incorporation at the 3-position. 
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3-Benzoy1-1-cyclohexy1-3-deutero-2-(4-nitrophenyl)aziridine was prepared 
in 63.3% yield by the above methods with a deuterium incorporation of 


69%, 


3-Benzoyl-1-cyclohexy1-3-deutero-2- (3-nitrophenyl)aziridine was prepared 


in 57% yield as above with a deuterium incorporation of 70%. 


1-Cyclohexy1-3-deutero-3- (4-nitrobenzoyl)-2-phenylaziridine was prepared 
by the method of Lown, Moser, and Wesewocd: =— in 72% yield containing 
60% of deuterium at the 3-position. These results are summarized in 


hap lesXVLUL. 


C, Preparation of Oxazolidines Containing Deuterium at the 4-Position 


4-Benzoy 1-3-cyclohexy1-4-deutero-2- (4-nitropheny1)-5-trichloromethyl- 
trans-4,5-oxazolidine 

A solution of 3-benzoyl-1-cyclohexyl-3-deutero-2- (4-nitro- 
phenyl)aziridine (1.93 g, 0.0055 mole, 69% D incorporation) and chloral 
(0.806 g, 0.0055 mole) in dry benzene (35 ml), was heated under reflux 
for 24 h. Concentration of the cooled solution t” vacuo and 
chromatography of the resulting red-brown oil on grade I alumina 
(BDH, 100 g) with benzene as eluant, gave as the main fraction an oil 
which crystallized on trituration with cold methanol to give the 
required oxazolidine (1.965 g, 71.8%), m.p. 153-155° (pale yellow 
needles from methanol). 


3 


5 
Mass spectrum: 392.0463 (Cy GH, 7DC12N,025 M-C HCO) . Found: 392.0470. 
1 


Infrared spectrum v (CHC1z): 1690w, 1675s (C=O), 1523 Sil e 


max 


(aromatic NO). 
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P.M.R. spectrum (CDC1z): 0.66-2.00 (multiplet, 10H, cyclohexyl CH), 
2.33-2.74 (multiplet, 1H, cyclohexyl CH), AB quartet centered at 5.25 
COMS2ULUAIeeproton)mand 4", Sov(1H 5) proton), Jv 4.2.2. vrans coupling; 
6G (sinelet, Sila 2eprotom)e /.2/-c, 59° (multiplet, 9H aryl protons). 
This integration corresponded to 68% incorporation of deuterium 


into the oxazolidine, 


4-Benzoy1-4-deutero-5- (2 ,4-dinitropheny1)-3-isopropyl-2-(3-nitro- 
pheny1)-cts-4,5-oxazolidine 

A solution of 3-benzoyl-3-deutero-1-isopropy1-2-(3-nitro- 
phenyl)aziridine (1.04 g, 0.0033 mole, 85% D incorporation) and 
2,4-dinitrobenzaldehyde (0.653 g, 0.0033 mole) in dry benzene (35 ml), 
was heated under reflux for 18 h. Concentration of the cooled solution 
in vacuo, and chromatography of the resulting orange-brown oil on grade I 
alumina (BDH, 80 g) with benzene as eluant, gave as the main fraction a 
yellow oil which rapidly crystallized on trituration with cold methanol 
to give the required oxazolidine (1.046 g, 61.8%), m.p. 134-136° 
(methanol). 
Mass spectrum: 311.1396 (Cj 9H)7DN20;; M-C7H4N20s) anda SoeUL26 
(CoH AN50s ; M-C 19H ,7DN203). Found: Ses eleva oO AU ase 
Infrared spectrum vy4x (CHC1z): 1678 (\E=0)) eal cm} (aromatic NO). 
P.M.R. spectrum (CDC1lz): 0.75 (doublet, SH, J = O.oo Hz etsopropyl ICH), 
iO Sa(doulteteish MIi= Gos5 Hz, isopropyl Chz), S20 /(-S,40 multiplier. Li, 
isopropyl CH), AB quartet centered at. 6.09 (1H, 5 proton) and 5.938 
(Unog Hy 4opraton), Ja= 5./ Hz, cvs coupling; 6.36 CoinG Ve Lame Lilse 2 


proton), 7.14-8.70 (multiplet, 12H, aryl protons). this corresponds to 
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67% incorporation of deuterium into the oxazolidine,. 
By the general method outlined above the following series of 
oxazolidines specifically deuterated in the 4-position were prepared. 


Their spectral data are summarized in Tables XIX and Xx. 


4-Benzoy1-4-deut ero-3-isopropy1l-2- (3-nitropheny1)-5-trichloromethyl- 
trans-4,5-oxazolidine was prepared in 48% yield as a very pale yellow 


solid m.p. 110-111° (methanol). 


3-Benzy1—4 -deut ero-2-pheny1-4- (4-toluoy1)-5-trichloromethy loxazolidine 
was prepared in 43% yield as a 18:82 mixture of evs and trans isomers 
m.p. 118-122°. Recrystallization from methanol gave trans isomer 


m.p.129-130°. 


4-Benzoy1-3-cyclohexy1-4-deutero-2- (3-nitropheny1)-5-trichloromethy1- 


trans-4,5-oxazolidine was prepared in 64.7% yield m.p. WA Ws 


(methanol). 


4-Benzoy1-4-deutero-3-isopropy1-2- (3-nitropheny1)-5-(4-nitro- 
phenyl)oxazolidine was prepared in 54.9% yield as a 58:42 mixture of 


ets and trans isomers m.p. 116-119° (methanol). 


4~Benzoy 1-3-cyclohexy1l-4-deutero-2- (3-nitropheny1)-5- (4-nitro- 





pheny1l)oxazolidine was prepared in 57% yield as a 68:32 mixture of cts 


and trans isomers m.p. 128-131° (methanol). 


4-Benzoyl-4-deutero-3-isopropy1-2- (3-nitropheny1)-5-phenyloxazolidine 


was prepared in 20.2 % yield as a cts-trans mixture. Careful 
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chromatography (alumina/benzene) enabled the pure trans isomer to be 


isolated, m.p. 135-137° (see Figure II). 
4, Acid Hydrolysis of Oxazolidines. 


4-Benzoyl-5-(2,4-dinitropheny1)-3-isopropy1-2-(3-nitropheny1) -cts-4 ,5- 
oxazolidine 

The title oxazolidine (0.506 g, 0.001 mole) was heated under 
PeriuxsineeN oydrochlorreractaw@ sent) Stor wsehse The yellow ssolution 
was cooled and extracted with portions of ether, after which the combined 
organic extracts were dried (MgSO4). Removal of the ether tn vacuo 
yielded a red-brown light 011 (0.309 g). 
Infrared spectrum v,4x (film): loss( aromatic  €=0)), 91550 cm7! 
(aromatic NOz). T.L.C. (silica/benzene) showed the oil to be a 2 
component mixture. Examination of the 2,4-dinitrophenylhydrazone 
derivative of this oil (m.p. 270-280°) by mass spectrum showed parent : 
ions corresponding to those of the 2,4-dinitrophenylhydrazones of 
3-nitrobenzaldehyde [331.0553 (C1zHgN50¢). FOUund soo ls0549 |e and 
2,4-dinitrobenzaldehyde [376.0404 (C, zHyN6Og). Found: 576.0404 |0) This 
mixture proved to be insoluble in common solvents and hence no 


Separation was achieved. 


4-Benzoy1-3-isopropy1-2- (3-nitropheny1)-5-trichloromethyl-trans-4,5- 





oxazolidine 
The title oxazolidine (0.92 g, 0.0021 mole) was heated under 
reflux in glacial acetic acid (35 ml) containing 2N hydrochloric acid 


(0.5 ml) for 3h. The yellow solution was cooled, diluted with water 
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(30 ml) and extracted with chloroform. The combined organic extract was 
then washed with water and dried (MgSOq4). Removal of the chloroform 
tievacio yielded an orange oi] (04295 9), t.l.c. (silica/benzene) of 
which showed one major component and a trace of a minor component. This 
major compound was shown to be 3-nitrobenzaldehyde on the following basis: 
Masseopectrum: 15f,0269) (@7HeNOz) Found 1517°0270,. 

Infrared spectrum Vyj.x (CHC1z): 1688 (aromatic C=0), 1515 cm (aromatic NO.). 

A 2,4-dinitrophenylhydrazone derivative was prepared m.p. 

Porn 202° U(Tt tee Mepe2o3*) tet 

Mass spectrum: 331.0553 (CjsHoNcO0¢). Found: 331.0552. 

The aqueous layer was neutralized with potassium carbonate 
whereupon a yellow oil separated and was extracted with chloroform and 
dried (MgSO4). Removal of the chloroform tn vacuo yielded a yellow oil 
(0.19 g), t.1l.c. of which showed a major component together with trace 
contaminants, This major component was found to be benzoic acid on the 
Pasisect 2ts intrared and mass spectral data. 122.0507 (C7ig09>) Found: 


122.0568. 


3-Benzy 1-2-pheny1-4- (4-toluoy1)-5-trichloromethy1-trans-4,5- 
oxazolidine 

The title oxazolidine (0.311 g, 0.006 mole) was heated under 
Relient tal acetic acid (25 ml) containing 2N hydrochloric acid 
(0.5 ml) for 3h. The yellow solution was cooled, diluted with water 
(25 ml) and extracted with portions of chloroform, The combined 
organic extract was then washed with water and dried (MgSO). Removal 


of the chloroform in vacuo yielded a yellow oil which partly solidified 
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on cooling (0.070 g). This was shown to consist of a mixture of benzoic 

acid and 4-toluic acid on the basis of its infrared and mass spectral 

data, 

Infrared spectrum v,,, (CHC1z): 3440-2500 br (bonded OH of acid), 

1690 br cm (aromatic. C=0). 

Mass spectrum: 122.0368 (C7H6 05 DEnZole gcid). Found: 122.0305. 
136.0524 (CgHg02, 4-toluic acid). Found: 136.0522. 

Examination of the aqueous extract by first neutralization (NaOH) and 


then chloroform extraction revealed only traces of both acids. 


5. Attempted Decomposition of 4-Benzoyl-3-isopropy1-2-(3-nitro- 
pheny1)-5-trichloromethyloxazolidine, 

The title compound (0.20 g) was heated under reflux in benzene 
(55)ml) for a period of 24 h. The cooled solution was evaporated to 
wieldea yelbtow o1lfwhich crystallized on trituration with cold methanol 
POmeiveutncestartane oxazolidine= (0.155°¢, 684 recovery). intrared, 
p.m.r. and mass spectra comparison with that of authentic material 


confirmed this result. 


63 Attempted Epimerization of Oxazolidines 


A. 4-Benzoyl1-5-(2,4-dinitropheny1)-3-isopropy1-2- (3-nitropheny1)-ezs- 
4,5-oxazolidine 

a)’ The’title oxazolidine {0.07 g, 0.00014 mole) and sodium 
methoxide (0.003 g, 0.00005 mole) were heated under reflux in a mixture 
of methanol (10 ml) and tetrahydrofuran (10 ml) for 40 min. Removal of 


the solvent im vacuo from the cooled solution, gave a brown oil, which 
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was dissolved in chloroform-and washed with water, dried (MgS0O4), and 
the solvent evaporated to give a brown gum, p.m.r. examination of which 


indicated complete decomposition of the oxazolidine ring. 


Dimes solution o£ the title compound (0.253 2, 0.0005 mole) and 
N-diisopropyl ethylamine (0.065 g, 0.0005 mole) in ethyl acetate (20 ml) 
was heated under reflux for 5 h. Removal of the solvent tm vacuo gave 
a yellow-brown oil, which crystallized on trituration with cold methanol 
tomeive the startingecevs-oxazolidine (0.04 6.915% recovery) m.p. 
125-128°. Comparison of spectral properties with those of the authentic 


material confirmed this result. 


c). Pesolutionser they tat lescompound (05253 7%, “020005 Smole) mand 
sodium methoxide (0.009 g, 0.00017 mole) in 1,2-dimethoxyethane (25 ml) 
was stirred at room temperature for 2h. Removal of the solvent tn 
vacuo gave an orange oil which was dissolved in chloroform, washed with 
water, dried (MgSO,), and the solvent removed ie UCeOR COmya cldean roid 
wien ierys ealtinzed ony triturationpwith methanol to givesthe title 


oxazolidine (0.10 g, 39.5% recovery), m.p. 130-133°. 


B. 4-Benzoyl-3-isopropy1-2-(3-nitropheny1)-5-(4-nitropheny1)-trans-4 ,5- 
oxazolidine 

.The title compound (0.056 g) and sodium methoxide (0.003 g) 
were heated under reflux in methanol (20 ml) for 30 min. Work-up as 
above gave the title oxazolidine as a pale yellow solid (0.026 g, 46.5% 
recovery) m.p. 128-131°. Spectral comparison with that of authentic 


material confirmed the result. 
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C. 4-Benzoyl-3-cyclohexyl-2- (3-nitropheny1)-5-trichloromethyl-trans- 
4,5-oxazolidine 

The title compound (0.30 g, 0.0006 mole) and sodium methoxide 
(0.0065 g, 0.00012 mole) were heated under reflux in methanol (20 ml) 
for 60 min. Work-up as before produced a yellow oil which did not 


crystallize and whose p.m.r. spectrum showed only the title compound. 
7. Stereochemistry Control Experiments 


A. Reaction of trans-3-benzoyl-1-cyclohexyl-2-(3-nitrophenyl) aziridine 
with Chloral 
A solution of trans-3-benzoyl-1l-cyclohexy1-2-(3-nitro- 
pienyljazvcvdines (5s90g, 0-01 mole) and chloral’ (17475 2, ORO 1 mole) 
in dry benzene (50 ml) was heated under reflux for 24 h. Concentration 
of the cooled solution tm vacuo, and chromatography of the resulting 
orange oil on grade I alumina (BDH, 100 g) with benzene as eluant, gave 
as the main fraction a yellow oil which crystallized on trituration 
with cold methanol to give 4-benzoyl-3-cyclohexy1-2- (3-nitropheny1)-5- 
trichloromethyl-trans-4,5-oxazolidine (3.60 g, Pa a ese 
(methanol). 
Anal. Calcd. for CoH 73C12N204: C, 55.48; H, ARCO eNeeesOD als, 2.1 54] 
Found: ©, 55.44; 1H, 4270 .gNyeo. 7 Cl, 21.70. 
Mass spectrum: 391.0384 (Cy GH, gC13N5035 M-C¢H_CO) . Found ge591s, 0590. 
Infrared spectrum v,,,x (CHC1z): 1690w, 1675 (GSO ie lsi50s cm7 (aromatic 
NO>). 


P.M.R. spectrum (CDC1z): 0.50-2,04 (multiplet, 10H, cyclohexyl CH>), 
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2.26-2.85 (multiplet, 1H, cyclohexyl CH), 5.28 and) 4,86 (AB quartet 2H 


> 


Aer NST oOLONsy.. trans coupled, J leade] HZ) 46,5 59(simolet sali 


> 


2 proton), 7.20-8.80 (multiplet, 9H, aryl protons). 


| Reaction of et s-3-Benzoy1-1-cyclohexy1-2- (3-nitrophenyl) aziridine with 
Chloral 

A solution of cvs-3-benzoyl-1-cyclohexy1-2-(3-nitro- 
phenyl)aziridine (1.30 g, 0.0037 mole) and chloral (0.546 g, 0.0037 
mole) in dry benzene (30 ml) was heated under reflux for 24h. Work-up 
of the product under the above conditions gave the identical oxazolidine 
uswaspale yellow solid (1.11 9, 60%), msp. 126-128" (methanol); 
ee ECUnG am we S/O, tet wot No 500s Cle. 2170s 
Mass spectrum: Found, 391.0390 (Cj 6H) gC15N502; M-C,¢H-CO) . 
infraredsspectrium) 4, (CHClz): 1688w, 1675 (C=0); 1528 cm7 1 (aromatic 
NO). 
P.M.R. spectrum (CDC17)/- 0. 50-2.17 (multiplet, 10H  cyclohexy1 CH), 
2poope, Jor (mulciplet.edil,) cyclohexyl) CH);) 5.28 and 4.85 (AB quartet, 2H, 
a>) CIiNgApTO CONS sy Crans)coupled.«J)-)4.1lgHa)eeo. 32a(Ginglet,wiije2 proton), 


7 0>5, 42 0 multiplet, (9H,haryl> protons )*% 


Reaction of trans-3-Benzoyl-1-cyclohexyl-2-phenylaziridine with 
4-Nitrobenzaldehyde 

A solution of trans-3-benzoyl-1-cyclohexyl-2-phenylaziridine 
(3.35 g, 0.011 mole) and 4-nitrobenzaldehyde (1.66 g, 0.011 mole) in 
dry benzene (100 ml) was heated under reflux for 11h, Concentration 


of the cooled solution tm vacuo, and chromatography of the resulting 
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orange-brown oil on Fisher alumina (80-200 mesh, 150 g) with benzene as 
eluant, gave as the main fraction a brown oil (4.2 g), which was found 
by t.l.c. to be a 2-component mixture consisting mainly of 
4-benzoy 1-3-cyclohexy1-5- (4-nitropheny1) -2-phenyl-trans-4 ,5-oxazolidine, 
Anal, Calcd. for CogH5 No0,: H, 6.14; N, 6.14. 

FOUTG Selle Oats SeN Oe OSs 
Mass spectrum: 305 (Cj ]H93NO; M-C7HsNOz) and 151.0269 (C7HSNOz; 
M-C,,H, NO). Found: 505 and 151.0267, 


Infrared spectrum vy (GHCEs) +9 1678" (C=0) Pei1513 cm7! (aromatic NO). 


max 
P.M.R. spectrum (CDC1z): 0.66-2.03 (multiplet, 10H, cyclohexyl CH), 
Z74)-5.00 "(multiplet y*lH, "cyclohexyl CH); 5546 and 4750 (AB quartet, 2H, 
aro ering protons seurars coupled; *J"= 722 *Hz)y 5.91 (Ginglet ey 1H, 
Zeprocon)s G295-8.25 > (multiplets 14H, aryl protons): 


From@the*pimvrs -and@inirared spectra, the contaminant appeared 


to be unreacted 4-nitrobenzaldehyde. 


Reaction of cvs-3-Benzoyl-1l-cyclohexyl-2-phenylaziridine 

A solution of ets-3-benzoyl-1l-cyclohexyl-2-phenylaziridine 
(2.0 ¢; 02007 mole) and 4-nitrobenzaldehyde (1.06 g, 0.007 mole) in dry 
benzene (70 ml) was heated under reflux for 12 h. Work-up of the 
solution as described above, gave a red-brown oil (1.4 g) which was 
Siow DV)t.l.c.) to be the Same Cwo component mixture as°in the above: case. 
Anal, Calcd. for Cy 9H5No0q: H, 6.14; N, 6.14. 

HeUunG aati O13) Nye G05). 

Mass spectrum: 305 (C5,H9NO; M-C7Hc>NOz) and 151 (C7HSNOz 5 M-C51H NO). 


Infrared spectrum v,,, (CHCl3): 1680 (C=0), 1516 cm™+ (aromatic NO). 


max 
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174 
P.M.R. spectrum (CDC13): 0.50-2.08 (multiplet, 10H, cyclohexyl CH2), 
2.39-3.03 (multiplet, 1H, cyclohexyl CH), 5.44 and 4.49 (AB quartet, 
Zi ace (acing epuctons ; ~ranshcoupled salts ofl. Hz)i, 5990 +(singlet.a1H; 


2 proton), 6.70-8.21 (multiplet, 14H, aryl protons). 


B, Attempted Reverse Electrocyclic Cleavage Reactions 

A solution of 4-benzoy1-3-isopropy1-2-(3-nitropheny1) -5- 
trichloromethy1-trans-4,5-oxazolidine (0.46 g, 0.003 mole) and dimethyl 
acetylenedicarboxylate (0.42 g, 0.003 mole) in benzene (35 ml) was 
heated under reflux for 24 h. Concentration of the cooled, pale yellow 
solution tm vacuo, and chromatography of the resulting oil on grade I 
alumina (BDH, 40 g) with a 1:1 mixture of heptane and benzene as eluant, 
gave a nell ter Oidewhicheerystaliized.on trituration with cold,95% 
ethanol to give the starting trans-oxazolidine (0.349 g, 75.9% recovery), 
m.p. 103°. Comparison of the infrared, p.m.r. and mass spectra with 
thaesot ltreeauthentic Material confirmed this»result, ‘ 

Avrepeat ofithis above reaction in toluene (35 ml) as solvent 


caused complete decomposition of the starting oxazolidine, 


8, Attempted Synthesis of Oxazolidines by an Unambiguous 


Stereocontrolled Method 


trans-Stilbene Oxide 
This compound was prepared in 70% yield from trans-stilbene by 


the method of Reif and Holse.5 m.p. 67-68° (lit., m.p. 68-69°), 


erythro-1,2-Diphenylaminoethanol 
This compound was prepared in 45% yield from trans-stilbene 


oxide by the method of Foglia and Swern, 168 epee loG=dote mil ieee mys 
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Reaction of erythro-1,2-Diphenylaminoethanol and 4-Nitrobenzaldehyde 


A solution of erythro-1,2-diphenylaminoethanol (0.70 oo SUG OO: 
mole) and 4-nitrobenzaldehyde (0.495 g, 0.0033 mole) in toluene (40 m1) 
was heated under reflux in a Dean-Stark apparatus for 22 h. The solvent 
was removed tn vacuo to yield a yellow gum (1.10 g) which did not 
crystallize. Thin-layer chromatography indicated a mixture of at least 
three components, which were deduced from the infrared and p.m.r. Spectra 


of the mixture to be the starting materials and the Schiff-base 52. 


ets-Stilbene Oxide 

This compound was prepared by a modification of the method of 
Curtin and Kellum,.?’” pesolutton 018 35-chiloroperbenzorceacid (8.50 leo. 
0.048 mole) in dry benzene (180 ml) was added to a solution of 
ets-stilbene oxide (8.225 g, 0.046 mole) in dry benzene (35 m1), and the 
resulting solution stirred overnight at room temperature, The 
precipitated 3-chlorobenzoic acid was removed by filtration, and the 
filtrate was washed with 5% sodium bicarbonate solution, then with water 
and finally dried (Na,S0,). Removal of the solvent tm vacuo gave a pale 
yellow sticky solid which was washed with hexane and crystallized from 


Uy ometianolmeOroivestne produce ds white necdles (4.16 8,755) 5 mp. 


oe Bo” (UENE oes See Wig eee 


threo-1,2-Dipheny laminoethanol 


This compound was prepared in 50% yield from ets-stilbene oxide 


16 ° : ° 
by the method of Foglia and Swern, : Pome o-d2 ee Lite eiia pee ley 25). 
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Reaction of threo-1,2-Diphenylaminoethanol and 4-Nitrobenzaldehyde 

A solution of threo-1,2-diphenylaminoethanol (1.20 g, 0.0056 
mole) and 4-nitrobenzaldehyde (0.85 g, 0.0056 mole) in toluene (40 ml) 
was heated under reflux in a Dean-Stark apparatus for 22 h. The solvent 
was removed 7m vacuo to yield a yellow gum (1.90 g) which could not be 
crystallized. Thin-layer chromatography indicated a mixture of several 
components, one of which was shown by infrared spectroscopy to be 
4~nitrobenzaldehyde [v,.,, 1704 cmt (C=0)]. The major component was a 
Pereeuducceasm)| Urged trom the mass spectrum [347.1521 (C, 1H 9N203). 
Found: 547.1550], but no clear assignment of its structure could be 


Hadeetrom Ee p.m,r. spectrum OF the mixture. 
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CHAPTER ITT 
(245) CYCLOARDIT TON REACTIONS OF: SUBSTITUTED 


AZIRIDINES WITH DIPHENYLCYCLOPROPENONE 


ingthe work deseriped in Chapter Ii at was) found that 
3-aroyl-2-arylaziridines reacted readily with a variety of aromatic 
aldehydes and chloral to form oxazolidines in good yields. This was 
seen to proceed by thermal cleavage of the aziridines to intermediate 
azomethine ylides followed by [2+3] cycloaddition reactions in a manner 
in which the stereochemistry could be predicted with some certainty. 
The most reactive carbonyl group was that of chloral, which was found 
to react cleanly to give a single product in 70-80% yield. 

Texier and-Carrie 157 nave demonstrated that Simple aliphatic 
aldehydes also react to form oxazolidines in fair yields with 


1,2-diaryl-3-dicarboalkoxyaziridines as shown in equation [92]. 


A 4, 
=e N 
(CH205C)5C——_ CHC. He CHES ao etl 
i | 
| 
eae CoHs 
[92] RCH=0 
‘ CHz05C 
56 R=CH 27-30% eo coe 


pyre (Che) Cia 15% cacaan DCE 
O H 
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In view of the known sluggish nature of the carbonyl group as 


62 


a dipolarophile, “ these results emphasize the high reactivity of the 


intermediate azomethine' ylide employed by Texier and Carrie. 


Conversely it was found by Lown and coworkers 184 


that aliphatic 
aldehydes were insufficiently reactive to participate in [2+3] 
cycloaddition reactions with azomethine ylides derived from 
3-aroyl-2-arylaziridines. 

In a further search for other reactive carbonyl compounds to 
participate as dipolarophiles in [2+3] cycloaddition reactions, it 
appeared that diphenylcyclopropenone might prove particularly useful, 
since the carbonyl group was known to be highly polarizable due to 


Tesonance Of the type shown, 154 


Cols CoHs, 
et 


CeHs bers 


Even before its preparation, Huckel Molecular Orbital 
calculations by Roberts and Naceice hadppredicted the Stapility oF 
diphenylcyclopropenone (DPP), due to resonance of the above type, the 
energy of which was sufficient to overcome the considerable strain in 
the molecules 

It was thought that this resonance contribution would enhance 
the dipolarophilic nature of the compound, and lead to improved reactions 
with substituted aziridines. This represented therefore the first step 
in a logical extension of the work described in Chapter IES 


The products obtained from the reactions On 
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diphenylcyclopropenone with 3-aroyl-2-arylaziridines have been 
tentatively formulated as 4-oxazolines. A whole series of such compounds 
have been conveniently prepared in fair to good yields by this method, 

an example of which is the reaction of 3-benzoyl-1l-cyclohexy1-2- 
phenylaziridine with diphenylcyclopropenone to form 4-benzoy1-3- 
cyclohexy1-5- (czs-1,2-diphenylviny1)-2-pheny1l-4-oxazoline in 65% yield, 


as shown in equation [93]. 


CeHs-( 


CoH Coy 
\| + benzene N H 
C-He-C-CH———CH-C¢Hs + [ StS 
Om es 6 Fe oe 
\ , Gree ie O CoH, 
[93] 6411 CoH, UgHs 


28 


Meviirst= report, Ot Such a ring systemin the literature 
appeared in 1933, when Krollpfeiffer and Maller 2 proposed a 4-oxazoline 
Seructtbe ss), 10m a pyridinium ybide, but this was later rejected in 


186 
PavOLeoeethe senolebetaine structure 60. 


OS i Noe 
| - N-CH=C-R -R=C,Hz(SC>He) CH, 
Reta se 


oe 60 


Although 2- and 3-oxazolines have been known for some time, the 
4-oxazolines represent a completely unexamined heterocyclic system, 
though they have been postulated as intermediates in reactions leading 


, : 2487 
to the formation of oxazoles as shown in equations faye avavel Ph),| 5am? 


i, 7 os 7 ar [a 
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H 


? C2Hs502C N 
CHz- HN=C-CeHe 


+ ? CHa \ cet 
C5H505CCH CH3 5 O 


OCH 


——)}— 


Hy» -HC1 


{I 


+ 
ORS : i 
252 
CjHs5 02 
C,H N 
[94] PO ee 
CH 0 


OCH CH ps \ses H 
es 0 G5 
OCH 
4-oxazoline 
- (CH30H) 
C5H505C 
mci 
61 Ref. 13 
Q 
feenins 
+~ THR 
p-CHz-CgH4-C-CH———CCHCgHg + (CgHs) 211 ——> p-CH3-CgHy a 
2 A CoH 
N 6's 
le CeH 
2C6Hs po ece 
[95] i 
[° 
Ae Ne 
p-CHz-CcHy 0 CoH 
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The mechanism of formation of the oxazole is given as 


eotloneeaal. | 
H>CgHe = 
Reactants ———> C,H Darks 
i 
ed eee ny p-CHz-CeH O Gay 
p-CHz-CeHy ; I(CgHs) 9 7 65 
I- 


4-oxazoline 


vi \ 
p-CHz-CgH{ aS, 


63 


The first successful preparation of the 4-oxazoline system was 
reported by Baldwin, Pudussery, Qureshi, and Sklarz/8® in 1968, who 
demonstrated the facile thermal valence rearrangement of 4-isoxazolines 


via 2-acylaziridines to 4-oxazolines as shown in Scllenicn Vs 


at. 2 
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SCHEME V 


ee CHz05 
CHz09C-C=C-C07CHz + R-N=CHy ——> 


quant. 
CHz05C saa 


\o— 


64 
ae 65 
(CH) 3C- 


80° 
2 
dark 
CHz05C es 
CH309C 
=) —— | cus02¢ 
0 


CHz05C 


oy 


The 4-isoxazolines required were readily prepared by the 
cycloaddition reactions of nitrones and dimethyl acetylenedicarboxylate. 
Compound 65 proved thermally very labile and readily isomerized to the 


4-oxazoline 67, the structure of which was readily proved by acid 


Myarolvsis, equation (96). 


CH309C\. /C(CH3) 3 CHz09C NHC (CHz) 3 
[96 | _HC1, a + HyC=0 


CH302¢ 0 CH309C 


68 


When the tertiary butyl group on the nitrone was replaced by the 
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2,4,6-trimethylphenyl moiety, the reaction with dimethyl 
acetylenedicarboxylate rapidly gave the aziridine at room temperature, 
which was independently isomerized to the 4-oxazoline by heating in 
toluene solution, The latter compound was found to be very labile and 
readily hydrolyzed to formaldehyde and the appropriate enol. 

In Scheme V it is probable that the 3,3-disubstituted aziridine 
opens to an azomethine ylide which subsequently ring closes on the 
adjacent carbonyl group to produce the 4-oxazoline. The fact that 
Baldwin obtained the 4-oxazolines from 4-isoxazolines via the aziridine 
intermediate, and that no reversal of this process was observed, proved 
invaluable in the assignment of structure to the products described in 
this work. However the 4-oxazolines prepared by Baldwin and coworkers 
didsnot appear Lo possess the novel properties nor the stabidity of 


Eve, 4-oxazolines to be described in this chapter. 
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RESULTS AND DISCUSSION 


Aziridine Precursors 

The 3-aroyl-2-arylaziridines employed in the [2+3] cycloaddition 
reactions leading to 4-oxazolines were obtained by the standard procedures 
outlinedtinyChapter:ilgnand are listedyiniTable XXII. It ’was found’ that 
3-acyl-2-arylaziridines also reacted in good yield with diphenylcyclo- 
propenone to form 4-acyl-4-oxazolines. The aziridines were in general 
employed as isomeric mixtures although where necessary pure isomers were 
used. In such cases the assignment of cts and trans isomers was based 


Onerie siitrarcdsand p.m.r. cata ot Cromvell and courses 52 Pee 


TABLE XXII 0 
3-Aroyl and 3-Acyl-2-Arylaziridines* ale NN oe 
1 
Bi Ry Rs Yield % 
CoH CoH. CoH. (ape 
CoHyy CoH. CeH,-p-NO, TOs 
CoH) 1 m-O7N-Ce6 Hy CgHs 838* 
C6H11 p-O,N-CeHy CoH 67 
CoHy] p-CHz0-CeHy CoHe 80 
Coy] | Ce Hs C6H4-p-OCHz 75% 
CoH 1 CeHs CHz 85* 
CeHy4 CoH CoH,-p-CHz te 
(CHz) CH CoH CoH. 100* 
(CH) .CH CoH. CoH, -P- CH, Ta, 


a ee 


*Indicates new compound, 
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Diphenylcyclopropenone (DPP) 

This compound was first prepared in 1959 by the independent 
methods of Breslow and coworkers , 189 and Vol'pin and aenrendueres., 7 
Since these preliminary publications, Breslow and coworkers have shown 


that diphenylcyclopropenone can be conveniently prepared by a modified 


Favorski reaction in which an a,a'-dibromoketone is treated with a 


tertiary amine, 184 equation [97]. 
O OPB sr 
] ae, II | 
[97] C,Hs-CHy-C-CH, -C,He 9=9=9——> CgHg~CH-C-CH-CgHs 
CHzCO>H He 
88% 
| 5) 
0 
| 
CeHs C6Hs 
69 45% 


Because of its convenience this latter method was used to 


prepare diphenylcyclopropenone throughout this work. 


4-Oxazolines 
An outline of the synthesis of 4-oxazolines employing a 


particular example is shown in Scheme VI. 
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SCHEME VT 
NaOH 0 
CoHgC-CHz + O=CH-CoHe ——___» CgH=-C-CH=CH~CgHe 
CeH-OH 
oaks 
| Brz/CHClz 
O O Br 
C-HeC-CH GHeGeH reMN2 ! t 
i == te pa: iain tan “CCH CH 

aS 6lls Bre) a eal oe etal fears 

N benzene Br 

| A 

Celi 

CeHs 
Dc 
> 
C6Hs 
CgHc- 76H 4 
H 
C6Hs 


The 4-oxazolines were obtained by the reaction of either cts 
or trans-3-aroyl-2-arylaziridines with diphenylcyclopropenone in benzene 
solution under reflux for periods of twenty to twenty-four hours, 
followed by chromatographic separation on alumina. 194 inatially: 
equimolar ratios of the reactants were used, but it was subsequently 
found that a 4:3 ratio of the aziridine to diphenylcyclopropenone 
produced much improved yields of 4-oxazolines, and eliminated a 
contaminating side product, vide infra. In these reactions it is 
essential that both reactants and especially the aziridine be of high 


purity, for it was observed that contamination of the aziridine with 
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traces of amine hydrobromide, or the monobromochalcone, caused either 
complete failure of the reaction or production of the side product 
mentioned above, which was shown to be a tetrasubstituted furan of 
general) structure, 


Cols COAr 


C6Hs 
0 i Oxi 


Ces 

An excess of diphenylcyclopropenone also led to this product to the 
exclusion of the 4-oxazoline. This finding will be explained in 
Chapter IV of this thesis. 

The choice of solvent was found to be of extreme importance in 
this reaction and the following solvents were examined: 2) benzene, 
b) acetonitrilel®2 c) methylene eiorrde ma. d) ethanol, e) toluene. 
Solvents (a) and (b) allowed the production of 4-oxazolines in good 
yield while with aoa and equimolar quantities of reactants, 
only the tetrasubstituted furan was obtained. The boiling point of 
methylene chloride, 37°, was found to be insufficient to cause thermal 
eleavage of the 2-3 bond of the aziridine and hence the starting 
materials were returned in slightly reduced yield. Toluene produced 
OMiyeticmtctrasUps ti buccdeturan. “Ihe conclusion reached trom these 
observations was that the boiling point of the chosen solvent should be 
about 80°, for it was found that in toluene (b.p. 113°), the 4-oxazolines 
were decomposed. Benzene was the most convenient solvent tested, and 
was employed in all subsequent 4-oxazoline syntheses, 


Since it had been demonstrated that both cvs and 
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trans 3-aroyl-2-arylaziridines upon reaction with diphenylcyclopropenone 
gave rise to an identical product , +>? isomeric mixtures of aziridines 
were subsequently employed in the general procedure. 

The analytical and spectral data on the 4-oxazolines prepared 
by this method are summarized in Tables XXIII, XXIV, XXV and XXVI which 


exemplify the scope of the reaction. The numbering of the substituents 
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Tables Li teshowsatnesscope, of the synthesis to extend to aroyl 
or acyl groups at the 4-position, aryl groups containing both electron 
withdrawing and donating groups at the 2-position, and cyclohexyl and 
isopropyl groups at the 3-position. The main feature of this table is 
the striking increase in yield observed when the ratio of the reactants 
was changed from 1:1 to 4:3 of the aziridine and diphenylcyclopropenone. 
For instance a yield increase from 36% to 64% was observed in the 
preparation of compound 70D when the 4:3 ratio of reactants was employed, 
and a five-fold increase in yield in the case of compound 70B. 

Table XXIV shows the characteristic aryl ketone absorption at 


1695-1700 cm 


iteticeineceredespectra., ) Inpthe pom rs spectra, a 
singlet was consistently observed at about 56 and assigned to the 

2 proton. As was occasionally observed with the oxazolidines OreChapter 
II, the 4-oxazolines containing an isopropyl group at the 3-position 
showed non-equivalent methyl groups, indicating proximity to an 
asymmetric center in accordance with the proposed structure. 

The ultraviolet spectra of Table XXV were consistent with the 
assigned structures and were dominated by two intense absorption bands 
in the regions of (227-232) and (265-276) mu. 

Tables XXIII and XXVI show the high resolution mass spectra of 
these 4-oxazolines. The observed mode of cleavage involved scission of 
the 4-oxazoline to the anil, as shown in the footnote of Table XXVI. 

As will be discussed later these 4-oxazolines possess unusual 
physical and chemical properties, and have been found to undergo a 


variety of cycloaddition reactions with activated multiple bond systems. 
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Discussion of possible structures for the reaction product of 
3-aroyl-2-arylaziridines and diphenylcyclopropenone, 


The potential reaction of diphenylcyclopropenone with aziridines 
was of considerable interest, since in the former there existed two 
possible sites for cycloaddition to occur with the intermediate 
azometnine ylide, a) at thesc=-C bond of the ring, or b) at the C=O bond. 
The literature contained precedents for both modes of addition. 

Izzo and Kendee had shown that diphenylcyclopropenone reacts 
with diazomethane (a diazoalkane) at the C=C bond of the ring, followed 
by subsequent ring expansion and no decarbonylation to give a 


pyridazone as shown in equation [98]. 


0 ‘i =I 0 
Cells Gale 
CoHs Gals Ps | 
C6Hs C6Hc Hk 
ars —N H coe 
[98] Ho TN ) 
7 + H 
fies ZN : 
“ wl 


Various structures arising from the reaction of 3-aroyl-2- 
arylaziridines with diphenylcyclopropenone at the C=C bond were 
considered and rejected on the basis of the analytical and spectral data 
in Tables XlIi to XXVI. This was necessary not only from the above 
Tesuit of Izzo and Kende, but- also in view of the fact that 
3-carboalkoxy-2-arylaziridines do react with diphenylcyclopropenone in 
193 


this mode to yield trans-3-pyrrolines, 


The available evidence pointed to the reaction having proceded 
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at the carbonyl group of diphenylcyclopropenone. A literature survey 
revealed an analogy for this in the reaction of dipheny lcyclopropenone 


19 


with benzyne, y equation [99]. 


C6Hs C6Hs 


“35 


7 I 


| me OU 
ES / 
Ce Hs CeHs CeHs 


3 


oot 


Pevecweormtne=resultsecdescribed am Chapter [1 twas 
anticipated that the reaction of aziridines and diphenylcyclopropenone 
would*take place at the carbonyl group of the latter to produce, 
imuctabivaateleast. spiro-oxazolidines. ~ As before; three classes of 
product were considered, two from [2+3] cycloaddition (A and B), and 


one “(Cy from ving “expansion ‘of the aziridine. 
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On the basis of the deuterium labelling experiments described 
in Chapter II, structure 73 was the predicted initial product. 
It became immediately clear from consideration of the p.m.r. 
spectra of the products from these reactions, that they were not 
oxazolidines. The lack of an AB quartet eliminated structure 75 ,and 73 
and 74 were rejected since there was no signal corresponding to the 
4 proton of the oxazolidine ring. The mode of cleavage in the mass 
spectra was also considerably different from that observed ib Soke 
oxazolidines previously studied. However the fact that they corresponded 
to 1:1 adducts indicated that they were structural isomers of 


oxazolidines, which possessed only one distinguishable isolated proton as 


shown by the singlet at 55 in the p.m.r. spectra. Furthermore this 
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Singlet was not diminished in an attempted deuterium exchange reaction 


: 82 
under base catalyzed oni heme.” On this basis the 4-oxazoline 


Structures was -pyoposed for these products. 


Cae oan eee 
vous 
76 


Pacare Hil ctudyeOLetilem.. tmSPDeCcCtlamo erties prOcuUCctSEDearins 
DOsesuvStituents) Omeicuavomatrcerines) revealed the) presence oL 2 one 
Drotvonssinelet at) about 1s.Z0, which could be attributed to) the vinyl 
proton of structure 76. This was later confirmed by parallel reactions 
with specifically labelled 3-deuteroaziridines, 

Several structures were considered for the product of these 
reactions. Those 4-oxazoline structures considered were based in the 
main on the three classes of oxazolidines previously mentioned. To 
elarity matters the product from the reaction of 3-benzoy1l-1- 
cyclohexyl-2-phenylaziridine and diphenylcyclopropenone will be used 


fOreLUUSstravine purposes mie possible Structures,are as Shown below. 
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In view of the work of Baldwin and coworkers, structures 81, 82, 


and 83, had to be taken into consideration for the product from the 


above reactions The p.m.r. spectra of these products show a one proton 


Singlet at about 56 (Table XXIV), which is inconsistent with structure 
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83, for which a value of 3-46 would be expected, 147 Furthermore the 


infrared spectra exhibit only a single band for the carbonyl group 
stretching frequency. Table XXIV shows that this strong band occurs at 
L695 cm71, which is consistent with that of an aromatic ketones On 
this basis the 4-isoxazoline 81 and the 4-oxazoline 80 were rejected, for 
in both of these structures the 4-substituent is an a,-unsaturated 
ketone which would be expected to show carbonyl absorption in the region 
1685-1665 ema}, 199 Furthermore in such systems the C=C stretching 
frequency at 1650-1600, °° UsmOtecomparable untensity sto that or the 

C=O group, whereas no such band existed in the spectrum of the product. 
Structures 70A, 77, and 82 are consistent with these findings since 


182 that steric hindrance 


examination of space filling models has shown 
would prevent conjugation of the carbonyl group with the ring double 
bond. 

In the mass spectrum, the molecule was shown to cleave cleanly 


into two principal fragments (see Table XXVI), corresponding to the anil 


84 (m/e 187) and its accompanying fragment (m/e 324). 


84 


This is clearly inconsistent with structure 79 and an unlikely mode of 
cleavage for 78 but satisfies structures 70A, 77, and 82, This cleavage 
of the anil moiety was found to be a direct counterpart of the thermal 
cleavage involved in the reactions of the 4-oxazolines to be described. 
For these reasons, the work in Chapter II on deuterium labelling, and 


Che fact that Smalley! had shown that the isolated ring proton could 
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not be exchanged by deuterium under basic conditions, structures 78 and 
We were rejyecved. 

Structure 77 was eliminated on the basis of the known chemistry 
of dipheny1cyclopropenone for Breslow and coworkers 8° have shown 
nucleophile catalyzed ring opening to proceed in a ets fashion. This 
was confirmed by a specific deuterium labelling experiment to be later 
described. 

Structures 70A and 82 were in accordance with all the spectral 


data, The 4-oxazoline 70A was considered the more likely possibility 


Since 2u9is formed under equilibrium conditions, and in view of the 


188 who showed that 4-isoxazolines 


findings of Baldwin and coworkers, 
could De readily isomerized thermally to 4-oxazolinesesouLethesreverse 
DLOcesseWwacenoceaccucctcd. = JUSG& SUCH a process would be necessary, for 
formation of 82 from the initially formed 70A. There was also the 
possibility that the 4-isoxazoline 82, might be susceptible to base 
catalyzed deuterium exchange at the 3-position. Furthermore the 
products from the cycloaddition reactions undergone by these compounds 
were more readily explainable in terms of the 4-oxazoline structure. 

Thus in the absence of further concrete evidence, structure 70A 
was tentatively formulated for the product from the above reaction. 

It appears that only a direct synthesis or an unambiguous X-ray 


crystallographic determination on a suitable heavy atom derivative will 


provide a direct answer to the problem, 
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Mechanism of Formation of 4-Oxazolines 

These reactions may be plausibly interpreted as proceeding by 
an initial [2+3] cycloaddition of an azomethine ylide, derived from 
thermal conrotatory cleavage of the aziridine, to the carbonyl group 
of diphenylcyclopropenone, to produce a spiro oxazolidine which then 


rearranges to the 4-oxazoline as shown in equation [100]. 


° fl 
il LS oes + 
ay es, ay ve ‘ eu 
igigpeiee soe CoH, ZaCgHs-C-CH + ZCH-CgHy <> Cglg-C CH. GHC gH 
| | 
Colyy CeHy1 CoHy1 
C6Hs 
[100] | ee 
C6Hs 
0 celts 
GH 
l H 641 
GeHee-u io hemes Set 
6 
—— a 
- 6s 
6Hs a 
70A 13 


The observed lack of dependence on the stereochemistry of the 
aziridine is understandable in terms of the product structure, though it 
is possible that the cts azomethine ylide (in W form) isomerizes to the 
trans form prior to cycloaddition with diphenylcyclopropenone. 


No trace of the proposed oxazolidine intermediate 73 was ever 
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found. However good evidence for such a species has since been obtained 
by Lown, Westwood, and Moser!®? fromea panallelWercactioneot 
1-cyclohexy1-3- (4-nitrobenzoyl)-2-phenylaziridine and N-trichloroacetyl- 
diphenyleyelopropenimine,-° where the intermediate [2+3] cycloaddition 


product was isolated directly as shown in equation [101]. 


jou 
N p-O2N-C6Ha4 

| ra! 
p-07N-CeH4-C-CH———CH-CgHs  H20 


ets seo 
oHs 
oS [=e f GO Cote (CoH) 2 
Ge 


Cl 


[101] 


85 50% 


When the resonance structures of diphenylcyclopropenone are 
examined,it could be considered that the initial reaction proceeded by 
an attack by diphenylcyclopropenone as an O-nucleophile at the 2-position 


of the aziridine ring, equation [102]. 


[102] youll _t 
0 N pow 
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ee eee cae CH H 
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A one or two-step mechanism could be postulated for the first stage of 


this process, This mechanism seems very unlikely however in view of the 
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established nucleophilic rang=cleavage of aziridines at the 1,2 or 1,3 


153,199,200 


pOSLCLONS.. Partacularly pertinent saresthe weactions of 


aziridines and known good nucleophilic species such as aryl 


150,151 where products marl sin wernomecloaviagce: Of tne 


isothiocyanates, 
aziridine 1,2 bond rather than the 2,3 bond were obtained, along with 


products of normal [2+3] cycloaddition as shown in equation [103]. 
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No such products were obtained in the reactions involving 
diphenylcyclopropenone with similar aziridines. 

The mechanism of the rearrangement of the proposed 
spiro-oxazolidine to the 4-oxazoline is a matter of conjecture and a 


possible pathway is outlined below in Scheme VII. 
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SCHEME VII 


CeHs— Getta CeHs 7 old 
N 
H77/4 H 
Cols aes eetiate 65 fy Nas 
1 or al 
CoHs oars C6Hs YG 
0 
0 CoH 
- I pees 


H Ne aie a H Nia 
a A Neetls aa 3 Calls 


Cells CeHs C6Hs 

It was suspected from the results of Breslow and eanenor 
that the opening of the spiro-cyclopropene ring might be concerted and 
intramolecular with the hydrogen atom at the 4-position of the 
hypothetical oxazolidine appearing on the diphenylvinyl moiety of the 
4-oxazoline. That this was indeed the case was shown by reaction of 
diphenylcyclopropenone with specifically 3-deuterated aziridines, where 
it was found that the deuterium was incorporated in good yield into the 


1,2-diphenylvinyl group of the 4-oxazoline as shown in equation [104]. 
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O CoH. | 
\ benzene AY wot 
Ar-C-CD CH-Ar + aa 
ice A p dé 
104 etl 
ee | y 65 = 0 Ar 
ey abd Gete 
Cols 
Ar = p-O,N-C,Hy 87 


This 4-oxazoline synthesis appears to be confined to aziridines 
containing acyl or aroyl groups at the 3-position. It has been shown 
that when these groups were replaced by carboalkoxy groups, reaction with 


diphenylcyclopropenone proceeded at the C=C bond to furnish 





ES) Se ADE 
trans-3-pyrrolines, , instead of producing 4-oxazolines, equation 
bLOS | 
9 Cons 
| 
CH,0-C-CH H-C eH. = 
N 
[105] | CoH, 
oft 





88 86% 


In an attempt to investigate this phenomenon a potentially more 
reactive aziridine, 3-cyano-1l-cyclohexyl-2-phenylaziridine, was 
synthesized by the method previously described and treated with 
diphenylcyclopropenone. This reaction was also observed to proceed at 


the C=C bond and produced only the pyrrole 89, as shown in equation [106]. 
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2 3 
CER Va C=N 
| 
CoHy] _HCN 
[106] 
C6H5 C6Hs5 
C6H \ H 
615 ; 
CoHy1 
89 73% 


FUGtMeCrmWwore One toismsUbieCh: Was restricted sducavOnd aii culties 
encountercdsin the syntnesis Of suitably active S-subSstituted) aziridines. 

An attempt was made to surmount this problem by masking the 
carbonyl group of trans-3-benzoy1l-1-cyclohexyl-2-phenylaziridine with 
phenylhydrazine, under the conditions of Cromwell and Hoeksema*? to 
produce compound 90, equation [107]. However the product obtained was 
the 2-pyrazoline 91, which probably resulted from isomerization of the 


initially formed hydrazone adduct as shown in equation [108]. 
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COCH z 


TONEY 


Nv 


OD O 


C-H-- 


: “a + CeHgNHNH 
W wa Ok [107] 
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[108] \ CHzCO2H aa 





While the ‘effect of the nature of the aziridine 2-substituent 
on the course of the reaction has not been critically examined, it 
appears as though aryl groups are necessary for successful formation of 
4-oxazolines. 

It is of interest to note that in no instance was a mixture of 
products resulting from reaction at both the C=C and C=0 bonds of 
diphenylcyclopropenone ever isolated, either in the course of this work 


201 There seems little difference in the various 


or that of Maloney. 
types of azomethine ylides employed, and the course of the cycloaddition 
to diphenylcyclopropenone may depend upon a delicate interplay of steric 


ana electronic factors, which are all too little understood at present. 


Furthermore the compounds prepared in this work were shown to be stable 
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at normal temperatures in direct contrast to those reported by Baldwin 


188 and Texier and Garriceoo These latter workers found 


and coworkers, 
that the reaction of a-benzoylcinnamonitrile and phenylazide produced a 


4-isoxazoline,which was found to be very unstable and could only be 


isolated at low temperature and under a nitrogen atmosphere. 


© C6Hs 
| Sc=0 
-Cg6Hs5 af N 
[109] Se + CgHsNz ——> \\ 
C6Hs Van 
Ho | 
CgHs 
=N2 
C<H 
CN One 
H 
Cail 
Cells ee 6's 
O25: 


No comment was made in this publication about any possible 
rearrangement product of this compound in the manner of that found by 


188 However the instabilitys on tiese.4-150xazo0lines 


Baldwin and coworkers. 
would tend to support the preference for the 4-oxazoline structure /0A 


over that of the isomeric 4-isoxazoline 82, 
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Properties of 4-Oxazolines 

The spectral properties of the 4-oxazolines are summarized in 
Tables XXIII, XXIV, XXV and XXVI. 

However the most characteristic properties of these compounds 
are their photochromism and thermochromism, When freshly prepared, many 
of the oxazolines are white or cream coloured solids, which turn an 
orange-pink color on exposure to light and tend to revert towards their 
original hue when kept in the dark, This phenomenon is reversible and 
no detectable decomposition has been observed to occur... A more 
important effect is that all the 4-oxazolines give blood red melts, and 
in solution in hot benzene, toluene,and xylene, impart a wine-red 
coloration to the solution. In the solid this color change sets in at 
temperatures above 90°C. These phenomena have been attributed to 
contributions from the following dipolar species which are reminiscent 


110 


of the mesoionic oxazolone and sydnone systems , 109 (Scheme VIIT). 
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substantial contributions from the canonical forms 


are equivalent to photochemical or thermal ring-chain 





valence isomerization to a new azomethine ylide. Just this kind of 
situation has since been found to exist in the case of the product from 


the reaction of diphenylcyclopropenone and a bicyclic aziridine, as 


shown in equation Aig 


igh ag! 


CeH CcH 
oo Os 
+ [oe =x N7 Sy Cols 


Cols 


[10] : | 


CeHs 
Os a ece 
CAG = H 
6's St 
— : CoHs 


The product, which was blood red in colour, behaved like a typically 
highly polar substance and was accordingly assigned the zwitterionic 
ylide structure shown. 

Further analogies for the above behaviour are displayed by 
some [2+3] cycloaddition products of azomethine rahies as shown in 


equation [111]. 
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Huisgen has found that reversible thermochromism of the 
1,3,4-oxadiazolidine 99 occurs at temperatures above 60$ and has remarked 
on the truly astonishing mobility of this equilibriun. 

Direct support for the above proposals has been found from the 
facile ring opening and [2+3] cycloaddition reactions that these 
4-oxazolines undergo. This work will be described ineCchapter LV) Or thas 
ehesis. 

The appearance of the characteristic red colour in solutions: of 
4-oxazolines was enhanced by the addition of catalytic quantities of 
acids, especially Lewis acids, and occurred at lower temperatures and 
often at room temperature. Treatment of a benzene solution of a 
4-oxazoline with a trace, (often one crystal), of p-toluenesulfonic acid 
at room temperature with swirling, quickly imparted a pink-red colour to 
the solution which deepened with time or as the temperature was jacreased. 
At room temperature, a strong visible absorption band at about 530 mp 
(see Table XXV) was observed, and this method proved to be valuable in 
substantially reducing the reaction times of a vate ty sOLe| 2+] 
cycloadditions of 4-oxazolines, At room temperature ineamcontco L 
reaction, 4-benzoy 1-3-cyclohexy1-5-(cis-1,2-diphenylviny1) -2-pheny1-4- 


oxazoline 70A, was recovered in 80% yield from treatment with 
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p-toluenesulfonic acid. It was not possible to assign the position of 
protonation on the 4-oxazolines (CeO vor N) Wwatheany contidencessince 
addvtuon woLsSsUtticient, acid to attect the p.m.r. spectrum resulted in 
decomposition of the compound. However with Lewis acids [AI1Clz,SnCl,, 
(CoH.) IT] the position of coordination would most likely be to the 
oxygen atom since the nitrogen atom is trisubstituted. Whatever the 
position of protonation or coordination, this procedure evidently assists 
in the separation of the anil moiety, just as in the cleavage pattern in 


the mass spectra of these compounds (see Table XXVI). 





As was observed with oxazolidines in Chapter II, 4-oxazolines 
can be decomposed under controlled hydrolytic conditions, Treatment of 
4-benzoy1-3-cyclohexy1-5- (eis-1,2-dipheny1viny1) -2-pheny1-4-oxazoline 
7OA, with 50% sulfuric acid produced benzaldehyde, charactertzedeaseLts 
2,4-dinitrophenylhydrazone derivative, and benzoic acid as shown in 


equation [112]. 
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In a similar manner 4-benzoyl-3-cyclohexy1-5-(ctis-1,2-diphenylviny1) - 
2-(4-nitrophenyl)-4-oxazoline (70D) yielded 4-nitrobenzaldehyde and 


benzoic acid on hydrolysis in dilute hydrochloric acid as in equation 


Ads fs 


| 
CoHs—G. Sot 2N HCl 
\ ji > 05 CHO + CO7H 
H 
CeHy4-p-NOz 


70D 


These results directly parallel those of Baldwin and coworkers 188 


(equation [97]), on hydrolysis of 4-oxazolines prepared from 
4-isoxazolines. | 

4-Aroy1-4-oxazolines have been shown to be stable to alkali 
and to iuaivaaneieee The compound 70A was recovered in good yield 
(>80%) from heating under reflux with a) potassium thiocyanate in 
acetone, b) sodium iodide in acetone, c) potassium carbonate in aqueous 
tetrahydrofuran. It was also found to be stable under conditions of 
dimethyl sulfoxide in benzene solution under reflux. Tie redmcolour 
imparted to the hot solutions may be tentatively attributed to a 


reversible nucleophile catalyzed ring opening at the 2-position of the 


oxazoline, 
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The =results of these and related Siitiess eed suggested that 
for photochromism, thermochromism, and facile ring cleavage of 
4-oxazolines to occur, a 2-aryl group and a 4-aroyl or acyl-substituent 
must be present in the molecule. The 4-oxazolines prepared by Baldwin and 
and coworkers!®8 tacked a 2-substituent and possessed carbomethoxy groups 
at positions 4 and 5, and although the oxazolines were reported to be 
unstable,no mention was made of any of the above effects nor the tendency 
to undergo [2+3] cycloaddition reactions. 

Although they are stable in benzene solution at io manger 
toluene solution under reflux for short periods (<60 min), 4-oxazolines 
were found to undergo thermal decomposition over longer periods in 
toluene or n-butanol solution (1-2 days). The decomposition in toluene 
afforded three crystalline products, the major one of which was assigned 


to an a-pyrone on the basis of the compatibility Cia tsmspeceral 
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properties with those of the known a-pyrone 102% This is shown in 
equation [114]. 
Ce6Hs5 
CoH or 
4 A eee, 65 aoe 
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The other two products could not be identified. 

The above thermal decomposition was repeated in n-butanol 
(b.p. 118°) to attempt to gain information as to the nature of the 
intermediates in the process by trapping any reactive species with the 
protic solvent. However the sole product from this reaction was the 
same o-pyrone as was obtained from the decomposition in toluene. This 
indicated that the initial product of decomposition, which corresponded 
in mass to the loss of the anil from the 4-oxazoline, had internally 
cyclized before it could be trapped by the solvent. This a-pyrone did 
not exhibit any red colour even in boiling xylene (b.p. 135"). 

The identical a-pyrone was also obtained in about 10% yield 
from photolytic reactions of 4-benzoy1-3-cyclohexy1-5- (ets-1,2- 
dipheny lviny 1) -2-pheny1-4-oxazoline (Oven chloroform, and in toluene 
solution, where the very reactive dipolarophile dimethyl fumarate 
had been added as a trapping agent. No red colour was imparted to the 
solution in these trial reactions which were conducted at room 


temperature as shown in equation feels. 
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No trace of the anil moiety was ever obtained from these thermal 
decompositions. 

That no extensive accumulation of radicals occurred in room 
temperature photolysis of 4-oxazolines was shown by an e.p.r. 
experiment where 4-benzoyl-3-cyclohexy1-5-(cis-1,2-diphenylviny1) -2- 
(4-nitropheny1)-4-oxazoline 70D in the solid state gave no signal nor 
produced any change in colour during the experiment. 

A systematic study of the chemical properties and reactions of 
a representative of the 4-oxazoline series was undertaken to determine 
the reactivity at various points in the molecule. As mentioned these 
compounds were stable to base and selected nucleophiles, but were 
hydrolyzed in hot dilute mineral acid. Bromine was observed to be 
incorporated but the product obtained was a gum which could not be 
identified. Attempts were made to cleave the cts-1,2-diphenylvinyl 
group with a) ozone, b) potassium permanganate-sodium periodate, but 
were unsuccessful. The carbonyl group proved to be extremely hindered 
and failed to react with a) 2,4-dinitrophenylhydrazine, b) semicarbazide 
hydrochloride c) hydroxylamine, d) hydrazine. In reaction (a) the 
2,4-dinitrophenylhydrazone derivative of benzaldehyde was obtained in 
keeping with previous observations. It had previously been shown by 
Smalley~?° that the C=C bond of the 4-oxazoline ring and the 
1,2-diphenylvinyl group were resistant to catalytic hydrogenation, 

The carbonyl group was reduced by employing lithium aluminum 
hydride in ether solution under reflux for periods of 40 h. Reactions 


at room temperature produced little reduction of the carbonyl group and 
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these findings indicate just how hindered this carbonyl group is to 


attack by nucleophilic reagents. A representative reaction is shown in 


equation [116]. 


| 
— 4 H 
CoH ( oat elie ev ala 


LiAlHg re H 
hie H i H 
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Ou A ox 
CeHs5 cee \ CeHs 


70A 103 


Creation of a second asymmetric center in the molecule produced, as 
expected, a pair of diastereoisomers which were not separated. 
Structure 103 satisfied the spectral data of the product and was thus 
assigned to the reduced 4-oxazoline. The complete loss of the carbonyl 
group in the infrared spectrum of the product and the single band for 
the hydroxyl group finally disposes of the aziridine structure 83 which 
was initially considered as a possible structure for the product 
obtained from the reaction of diphenylcyclopropenone and 
3-aroy1-2-arylaziridines. 

These reduced 4-oxazolines gave pink melts which tended to 


intensify when heated to temperatures above YOO” 


Attempted Independent Synthesis of 4-Oxazolines 

Because of the unusual nature of the cts-1,2-diphenylvinyl 
substituent at the 5-position of the 4-oxazoline ring, an independent 
synthesis of this particular series of compounds (70A-70K) was deemed 
unlikely. Attempts were made however to prepare the 4-oxazoline ring 


system by a variety of independent schemes which are outlined below. 
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SCHEME IX 
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In Scheme IX it was envisaged that a powerful base like phenyl 
lithium would remove a proton from compound 107 to yield 108 which might 
spontaneously cyclize to the 4-oxazoline 109. Quinaldic acid 104 was 
converted to its acid chloride in good yretana which readily 
underwent a Friedel-Crafts acylation to produce compound Osea 
However the attempted quaternization step was unsuccessful probably 
due to steric hindrance of the nitrogen atom to approach of the benzyl 
bromide, 

Examination of the literature revealed the corresponding 


isoquinoline compound had been successfully quaternized?!! and thus led 


to the second attempted synthesis (Scheme X). 
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Isoquinoline under Reissert wandieeteme readily produced the 
cyanoketone 110, which on treatment with sodium hydride in boiling 
xylene gave iepenzoiscaummolne quaternization of which was 
achieved by the method of Bradsher and Golononss a5 However on 
treatment of this salt with diisopropylethylamine (Hunig's base) an 
intractable brown oil was obtained which could not be identified. No 
further work was done on this line of approach to the problem. 

In 1947, Schdénberg and ged reported that oxazoles could be 
obtained by the action of diazocompounds on the monoimines of 


1,2-diketones as shown in equation [117]. 


2 Nr 
a Suis 

[117] 2s RGR, —=S L ee “2H, 
0 


Though the mechanism has not been established the reaction is thought - 


213° tt was envisaged that 


to proceed via the intermediate 4-oxazoline. 
were the hydrogen of the monoimine replaced by an alkyl or aryl group, 


the intermediate 4-oxazoline might be stable enough to be isolated. 


The reaction scheme investigated is shown in Scheme XI. 
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Benzil was readily converted to its phenylimino derivative 115 


in 91% yield by the method of Bir Phenyldiazomethane 117 was 


Zo 2L0 
prepared from benzalazine by standard methods as shown above. Pe 
Generation of phenylcarbene from phenyldiazomethane in the presence of 


compound 115 was attempted by the following methods: a) thermally in 


chloroform at reflux while under a nitrogen atmosphere, b) photochemically 
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in benzene solution under nitrogen first at room temperature, and then 
at 78°, c) under copper sulfate catalysis in chloroform solution at 
room temperature and in nitrogen atmosphere. In cases (a) and (c) 
phenylcarbene was generated in 3-5 h, as judged by the disappearance 
Orethesred™colourson the solution,but no-addition occurred in-either 
case and the substrate 115 was recovered in good yield. In case (b) 
despite radiation for 24 h, little or no carbene was generated. When 
the reaction temperature was raised to 78° decomposition of 
phenyldiazomethane occurred in 4 h, but as before no addition of 
phenylcarbene to the substrate 115 took place. This method was 
therefore abandoned. 

Another approach involving a carbene moiety was devised as 


shown in equation [118]. 


CI Cl 


Cl 
Gn AN -Ny Cl : Ci “ 
[118] ay, ee, 
Cl (Gail Gi 
119 
R,-CH=N-R, 
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Huis gen®? has demonstrated the synthetic utility of the 
ketocarbene eiternedi ats obtained from the diazoketone 119 in [2+3] 
cycloaddition reactions with various dipolarophiles., One major 
disadvantage of this procedure is that the dipolarophile must be 
present as the solvent for any appreciable reaction to take place. This 
Naturally serious ly suimitssthe choice of dipolarophilic species 
available. Lown, Westwood, and Moser!?® had shown N-sulfonyl anils to 
react smoothly and in good yield with azomethine ylides derived from 
3-aroyl-2-arylaziridines to produce imidazolidines. Less active anils 
(or imines) led to poorer results or did not react at all. However the 


anils employed were solids of general structure 121. 


X GH NSO 


121 X = NO2, Cl ; Y = NO2, 


—— 


Attempts were made to prepare liquid N-sulfonylanils by 
replacing the phenyl groups of 121 by alkyl moieties but without 
“success. 

Very recently an example of a synthesis of the 4-oxazoline 
ring system has been reported by Ciurdaru and Denee cae and involves 
the condensation of o-hydroxy-N-methylaniline and benzoylacetic ester 
in equimolar proportions under thermal conditions. No details of the 
product other than its melting point were reported. The reaction is 


shown in equation [119]. 
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CH 
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NZD Susy A 
Summary 


The [2+3] cycloaddition reactions of 3-aroyl-2-arylaziridines 
to carbonyl groups as dipolarophiles has been successfully extended to 
diphenylcyclopropeneone. The available evidence points to a 
rearrangement under the reaction conditions of the initially formed 
spiro-oxazolidine cycloadducts to form compounds the spectral data of 
which can be satisfactorily represented by the 4-oxazoline structure. 
Alternative structures have been considered and rejected either on 
direct experimental evidence or by relevant comparison with other 
published work, The main characteristic of the 4-oxazolines was their 
thermochromism and photochromism which were explained by contributions 
from various resonance hybrids. 

These 4-oxazolines were found to undergo a variety of novel 
cycloaddition reactions with various dipolarophilic species which are 


described in Chapter IV of this thesis. 
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Doe. 
Experimental 


1. General Preparation OLreAziIrs dines 


The substituted aziridines employed in this study were prepared 
by the established methods described in Chapter II of this thesis. Full 
details of all new aziridines not previously reported in Chapter II are 
provided, together with references to literature preparations. The 
aziridines were employed in general as c71s,trans mixtures except where 


otherwise stated. 


1- (4-Anisy1)-3-pheny lpropenone 
This compound was prepared in 90% yield by the method of 


218 


Stockhausen and Gattermann,“ ~ m.p. 106-107° (lit., m.p. 106-107°). 


1-(4-Anisy1) -2 ,3-dibromo- 3-pheny lpropanone 
This compound was prepared in 90% yield by the method of 


218 


Stockhausen and Gattermann, ig sear (lite se iegas TSS a) 


3- (4-Anisoyl)-1-cyclohexy1l-2-phenylaziridine 

Avsolution of cyclohexylamine (14.8 g, 0.15 mole) in benzene 
(50 ml) was added to a stirred solution of 1-(4-anisyl)-2,3-dibromo-3- 
phenylpropanone (19.9 g, 0.05 mole) in benzene (500 ml) at 0°, after 
which the solution was stirred for 1 h, at 0°, and then at room 
temperature for 23h. The precipitated cyclohexylamine hydrobromide 
was removed by filtration, and the filtrate was washed with water, dried 
(MgSO,), and the solvent removed tn vacuo,to yield a yellow oil which 
was triturated with hexene and chilled to give the desired isomeric 


aziridine as a pale yellow solid (12.57. g, 75%), m.p. 103-109°. 
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Recrystallization from hexane produced the pure trans isomer as a white 
crystalline solid, mp: 126=127-, 
Anal? Calcd. “tor C>5H>eNO>: °C, 78.81; H, 7.46; N, 4.18. 

Found: Game Om Ose fey OO EN, 4.10, 
Mass spectrum: 335.1885 (Cj9H75N02). Found: 335.1888. 
Infrared spectrum Vmax (CHC1z): 1658 cmt (C=OnOb transeazicadine):. 
P.m.r. spectrum (CDC1lz): 0.85-2.00 (multiplet, 10H, cyclohexyl CH2) , 
Pesooe a Te(mulciplety alia cyclohexyl CH) Ss oS e(singlets 2H, a7 ea 11 
Pilea nrotons Trans coupled). o.oo) (singlet soils smethoxy 1 protons) , 


6.83-8.14 (multiplet, 9H, aryl protons). 


2,3-Dibromo-1-methy1-3-pheny lpropanone 
This compound was prepared from 1-methy1-3-phenylpropenone in 
99% yield by the method of Claisen and Claparéde 71° io, MPs 


Glstee men. i24 1257). 


3-Acety1l-1-cyclohexy1l-2-phenylaziridine 

A solution of cyclohexylamine (36.0 g, 0.364 mole) was added 
dropwise to a stirred solution of 2 ,3-dibromo-1-methy1-3-pheny lpropanone 
(36.0 g, 0.118 mole) at 0°, and the mixture Sriaaaoe che O° akewe Ah Ii, ener 
at room temperature for 23h. The precipitated cyclohexy lamine 
hydrobromide was collected, and the red filtrate washed with water, 
dried (MgSO4), and concentrated in vacuo,to yield a red oil which was 
purified by chromatography on alumina (BDH, 150 g). In this manner the 
desired isomeric aziridine was obtained as a red oil (24.5 g, 85%). 
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Massmopect rum: 245.162 58(Cy¢ilo1NO). Found: 24371623. 

Infrared spectrum Vmax (CHC1z): 1699 em7! (C=0). 

nels re opecterum (CUCGI) > 1200-2700 (multiplet, 10H, cyclohexyl CH5)’, 
Poloaca os (mul trp lorem iiismcycVonoxyAs CH), 285-2, 68 0( 2H) eazividine ring 
provoite, cus Fcoupled) 9 2424-5.50 (2H, “aziridine ring protons, trans 
counted) 2527 (Singletymon, “acetyl CH) , e204 Om ULC Letrmolinma ry 1 


Protons)". 


2- (4-Anisy1) -3-benzoyl-1-cyclohexylaziridine 
This compound was prepared in 80% yield by the method of 


220 
Cromwell, Bambury and Adelfang, iepemoo-9On (liteemsp. 75-1002). 


1-Cyclohexy1-2-pheny1-3- (4-toluoyl)aziridine 
This compound was prepared in 72% yield by the method of 


145 


Cromwell and coworkers, Efe isomerase lal 115 s@litesem: pe ti 1-112%) ; 


trans isomer m.p. 86-87° (lit., m.p. 89-90°). 


1-Isopropy1-2-pheny1-3- (4-toluoy1) aziridine 
This compound was prepared in 77% yield as an oily mixture of 
ets and trans isomers. 
Anal, Calcd, for CjgH2,NO: N, 5.02. 
Found: N, 4.80. 
Mass spectrum: 279 (CjgH2 NO). 
Infrared spectrum Vmax (CHC1z): 1680 sh (C=0 of evs aziridine), 1660 
cm7! (C=0 of trans aziridine). 
P.m.r. spectrum (CDC1lz) of trans isomer: 0.90 (doublet, 3H, J = 6 Hz, 


isopropyl CHz) 1.21 (doublet, SH, J = 6 Hz, isopropyl CHz), 2.38 
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(Singlet ci Stoluoyi GHi)ees. 22 and 3.6)" (AB quartet, 2H, aziridine 
ring protons, trans coupled J = 2.4 Hz), 7.00-8.21 (multiplet, 9H, aryl 
protons). 
Crs) leone nae s2(doubletsmoHssJ = 5.85 Hz, asopropy | CHz), 1.66-2.04 
(mubtaplets 1H} isopropyl CH), 2.34 (singlet, 3H, toluoyl CHz), 3.18 
(sianglets@ 2H,evsazixidine ring protons), 7.00-8.21 (multiplet, 9H; 
aryl protons). 

The other aziridines employed in this work are shown in Table 


‘KALMandswere: prepared as described in Chapter II. 


2. Diphenylcyclopropenone 

This compound was prepared in 40-45% according to the procedure 
Omeeres OWE VCnet  \reoSemreterson, and Posner!83 with the following 
slight modification. The crude product was purified by Soxhlet 
extraction using cyclohexane as solvent. Diphenylcyclopropenone 
crystallized from cyclohexane as white needles, m.p. 123-124°, (lit., 


iSO 


3. Preparation of 4-Oxazolines 
The control experiments between diphenylcyclopropenone and 
isomerically pure samples of ets and trans-3-aroy1l-2-arylaziridines 


182 In the 


employing an equimolar ratio have been described elsewhere. 
reactions described here ctis,trans mixtures of aziridines were employed 
throughout. Representative reactions using a) the 1:1 and b) 4:3 methods 


are described in detail after which the 4-oxazolines are listed and 


referred to Tables XXIII, XXIV, XXV and XxVI. 
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a) Reaction of 1-Cyclohexyl-2-phenyl-3-(4-toluoyl)aziridine with 
Dipheny lcyclopropenone 

A solution of 1l-cyclohexyl-2-pheny1-3-(4-toluoy1)aziridine 
(1.6 g, 0.005 mole) and diphenylcyclopropenone (1.03 g, 0.005 mole) in 
dry benzene (60 ml) was heated under reflux for 16 h. Concentration of 
the cooled solution tm vacuo, and chromatography of the resulting oil 
on alumina (BDH, 120 g) with benzene as eluant, gave on evaporation, an 
orange oil which when dissolved in heptane (20 ml) and chilled yielded 
4 ,5-dipheny1-2- (ets-1,2-diphenylvinyl)-3-(4-toluoyl) furan (0.3 g, 12%), 
m.p. 186-187° (ethanol). 
Anal. Calcd. for Czollo909: C, 88.54; H, 5.46. 

POUNCE am G waro Or OUs Et sa Oi 00 

Mass spectrum: o16.2089 Wes oral Found: 516.2089, 
Inirared spectrum Vya,  (CHCIz): 1693 em7! (aryl C=0). 
ees Decerum(CDUi7) = 2 -ooe(sanglct,, 3sHy tolucy | Ciz)l o./0-77 380 
(multiplet, 244, aryl protons), 3.05 (Singlet, 1H, vinyl proton). 

Concentration and further chilling of the heptane filtrate gave 
as a pink solid 3-cyclohexy1-5- (ets-1,2-diphenylviny1) -2-pheny1-4- (4- 
toluoyl)-4-oxazoline (70H), (0.65 g, 20%), m.p. 7S fope(ethano ly. 
These pink crystals slowly became colorless on standing in the dark. 
Anal. Caled. for Cz7Hz5NOj: C, 84.53; H, Or LES IN SOs 

Found 7G, o4 74/2) H86, O0EBN 2. OU 

Mass spectrum: 525.2668 (C-Hz-NO,). POUNUs soo OOo 
Infrared spectrum v,4, (CIHC13): 1695 cm! (aryl C=0). 
P.m.r. spectrum (CDClz): 0.40-1.81 (multiplet, 10H, cyclohexyl CH9),; 


2.65-3.00 (multiplet, 1H, cyclohexyl CH), 2.42 (Sie Veter oH COL UCY.! Cz), 
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4.96 (singlet, 1H, 2 proton), 6.70-8.05 (multiplet, 20H, aryl protons and 


vinyl proton). 
By this procedure the following 4-oxazolines listed in Table 


XXIII and indicated by an asterisk were prepared. 


4-Benzoy1-3-cyclohexy1-5-(cis-1,2-dipheny lviny1) -2- (3-nitropheny1)-4- 


oxazoline (70C), was prepared in 27% yield, m.p. 165-166° (ethanol). 


2-(4-Anisy1)-4-benzoy1-3-cyclohexy1-5- (¢is-1,2-diphenylviny1)- 
4-oxazoline (70E), was prepared as above in 23% yield, m.p. 158-160° 


(ethanol). 





4-Benzoyl-5-(cis-1,2-diphenylvinyl)-3-iso ropy 1-2-pheny1-4-oxazoline 


(70J), was prepared as above in 24% yield, m.p. 175 ecethanol) 


5-(cts-1,2-Dipheny lviny1) -3-isopropy1-2- heny1-4- (4-toluoy1)-4-oxazoline 





(70K), was prepared in 31% yield by the above method,m.p. 165-166 (ethanol). 


b) 4-Oxazolines prepared by the 4:3 method 

4-Anisoy1-3-cyclohexy1-5- (cis-1,2diphenylviny1) -2-pheny1-4-oxazoline (70F) 
A solution of isomeric 3-anisoy1-1-cyclohexyl-2-phenylaziridine 

(0.62 g, 0.00185 mole) and diphenylcyclopropenone (0.29 g, 0.0014 mole) 

‘in benzene (30 ml) was heated under reflux for 24h. The deep red 

solution was cooled, and the solvent removed in vacuo to yield a red oil, 

which was subjected to chromatography on grade 1 alumina (BDH, AG) Sealy 

Elution with a 4:1 mixture of benzene and hexane afforded a red oil 

which crystallized on trituration with ethanol to give the desired 

4-oxazoline (0.60 g, 79%), m.p. 175=176,.5) s(ethanol). 


Anal. Galed, for Cz7Hz5NOz: Cy AOU tals ORGIES Nig Ses 
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Wounds e2 2757 ro 19) Ne 2 e50: 
Mass spectrum: 541.2616 (Cz7Hz0NOz). Found: 541.2614, 
Infrared spectrum Vmax (CHC1z): 2850 (OCH,), 1700 (aryl C=0), 832 em”! 
(Uj4-disubst. ring). 
Ultraviolet spectrum Amax (CHZCN): 233.5 (log e« 4.16), 274 mu (log e 
aA ke | 
P.m.r. spectrum (CDC1lz): 0.38-1.95 (multiplet, 10H, cyclohexyl CHy) 
2eo5 ool Se (mul iiplety sl Hemcyclonexy! CH) 5.85 s(singlet, 73H, toluoyl 
CHz), 4.95 (singlet, 1H, 2 proton), 6.78-8.10 (multiplet, 20H, aryl 


protons plus vinyl proton). 


4-Acety1-3-cyclohexy1-5- (cts-1,2-diphenylviny1)-2-pheny1-4-oxazoline 
(706) 

A solution of 3-acetyl-1-cyclohexyl-2-phenylaziridine (3.24 g, 
0.013 mole) and diphenylcyclopropenone (2.06 g, 0.01 mole) in benzene 
(80 ml) was heated under reflux for 23h. Concentration of the cooled 
red solution in vacuo, and chromatography of the resulting red oil on 
grade 1 alumina (BDH, 80 g) with a 1:1 mixture of benzene and hexane as 
eluant, gave as the main fraction a red oil which slowly crystallized 
on trituration with a hexane-ethanol mixture to yield the required 
4-oxazoline (3.75 g, 84%), m.p. 80-82° (ethanol). On heating the melt 
>140° the characteristic red colour was imparted to the melt. 
Anal. Calcd. for CzjHz N09: Gems2eo5 Hay 6.00 GEN oe. 

Rounds 522055 He /404,eNjmo. 05. 

Mass spectrum: 449.2355 (Cz,Hz,NOo). Found: 449.2353. 


Infrared spectrum Vox (CHC1.): 1703 em™! (acetyl C=0). 
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Pati eopect rum (CDCIz). 0-66-2.15 (multiplet, 10H, cyclohexyl CH2) , 
3.10-5.56 (multiplet, 1H, cyclohexyl CH), 2.02 (singlet, 3H, acetyl CH), 
welt mS inelota lips 2aprocon)4a7.o2-6.50 (multiplet, 16h, aryl protons 


and vinyl proton). 


4-Benzoy1-3-cyclohexy1-5- (ets-1,2-diphenylviny1) -2-pheny1-4-oxazoline 
(70A) 

A solution of 3-benzoyl-1-cyclohexyl-2-phenylaziridine (6.10 g, 
0302 mole) mandedipnenyleyelopropenone (3.09° 2, 0.015 mole) in benzene 
(200 ml) was heated under reflux for 24 h. Concentration of the cooled 
dark red solution tm vacuo, and chromatography of the resulting red oil 
on grade 1 alumina (BDH, 140 g) with benzene as eluant, gave as the 
main fraction a yellow-orange oil which crystallized on trituration with 
Heptane containing 2 little 95. ethanol and chilling, to yreld the title 
compound as an orange-pink solid (4.98 g, 65%), m.p. 162-163° (ethanol). 
Pale calcd. ror Cz6Hz NO, : Gyoleot Hh. O64O5 0 Niwa 

POUNCE Geo4ecOne He0, 40) Naw2i Or 

MaSsecpeetrum np oll. 2511) (Cee iz 2N0>)). Rounds Slie2ol0: 
Infrared spectrum Svs (CHC12): 1695 en (aryl C=O). 
Ultraviolet spectrum dna (CHZCN) : PIMA OC ew 9) eee oO mem lOgwes 5.62). 
P.m.r. spectrum (CDC1z): 0.35-1.75 (multiplet, 10H, cyclohexyl CHa), 
2a/0-5,0 9 (multiplet wmin. cyclonexy I) CH). 4-95" (singlet. 1H) 2 proton), 
6.80-8.02 (multiplet, 21H, aryl protons and vinyl proton). 

By the above procedure the following 4-oxazolines were prepared, 
the analytical and spectral data of which are listed in Tables XXIII to 


XXVI. 
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3-Cyclohexy1-5- (evs-1,2-dipheny lviny1) -4- (4-nitrobenzoy1)-2-pheny1-4- 


oxazoline (70B) was prepared in 23% yield, m.p. 191-192.5° (ethanol). 


4-Benzoy1-3-cyclohexy1-5- (cis-1,2-dipheny lviny1) -2- (4-nitropheny1)-4- 





oxazoline (70D) was obtained in 64% yield by the above method, m.p. 


180-182° (ethanol). 


4, Addition Reactions Employing Other Solvents with 1:1 Molar Ratios of 
3-Aroylaziridines and Diphenylcyclopropenone 

A solution of 3-benzoyl-1-cyclohexyl-2-phenylaziridine (3.05 g, 
0.01 mole) and diphenylcyclopropenone (2.06 g, 0.01 mole) in dry toluene 
(80 ml) was heated under reflux for 24 h. Removal of the solvent in 
vacuo, and chromatographic separation of the resulting 0i1 on grade 1 
alumina (BDH, 200 g) with benzene as eluant, caused the rapid separation 
of a yellow band which was collected in (3x50 ml) fractions. Removal 
of the solvent afforded a yellow oil which on trituration with heptane 
gave 3-benzoyl-4,5-dipheny1-2-(czs-1,2-diphenylvinyl) furan as a pale 
yellow solid, (1.45 g, 29%), m.p. 195-196° (ethanol). 
Anal. Calcd. for Cz7H5,609: C, SEGA Isls 5-2 1he 

Founda Gace .ols tp S218. 

Mass spectrum: 502.1933 (Cz5H 602). Pounds o02e 1055. 
(CHC1z): 1695 cm7! (aryl C=0). 


Infrared| spectrum v4; 


P.m.r. spectrum (CDC1z): 6.70-8.00 (multiplet, 25H, aryl protons), 
7.99 (singlet, 1H, vinyl proton). 
Further elution with benzene yielded an oil containing 


benzaldehyde and unreacted 3-benzoy1-1-cyclohexyl-2-phenylaziridine. 


Continued elution with chloroform,and then ethanol, gave unreacted 
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dipheny lcyclopropenone. 


S22 Deuterium Label lang experiments . 
These reactions involved the specifically labelled 3-aroy1-3- 


deuteroaziridines which were prepared by the method outlined in Chapter 


TT 


Reaction of 3-Benzoyl-1-cyclohexyl-3-deutero-2- (4-nitrophenyl) aziridine 
and Dipheny lcyclopropenone 

A solution of 3-benzoyl-1-cyclohexy1-3-deutero-2- (4-nitro- 
phenyl)aziridine (1.70 g, 0.0049 mole; 85% D incorporation) and 
diphenylcyclopropenone (0.75 g, 0.0037 mole) in dry benzene (70 ml) was 
heated under reflux for 22 h. Concentration of the cooled solution 7 
vacuo, and chromatography of the yellow gum obtained on grade 1 alumina 
(BDH, 40 g) with benzene as eluant, afforded a yellow syrup which on 
chilling and trituration with 95% ethanol produced a yellow-pink solid 
(1.45°¢, 59%) m.p. 173-175°,. Mass spectrum : 557.2425 (Cz6H3z1DN50q). 
Found 557.2431. Because of the effect of the nitro group in spreading 
the aromatic proton resonance signals in the p.m.r. spectrum, thesextent 
of deuterium incorporation could not be determined from this experiment. 
However subsequent [2+3] cycloaddition reactions of this product with 
acetylenic dipolarophiles produced tetrasubstituted furans containing 
about 60% deuterium incorporation in the czs-1,2-diphenylvinyl group. 
These experiments will be described in deta lemneachapterslV Of this 


thesis. 
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6. Investigation of Scope of 4-Oxazoline Synthesis 


1 ,2-Dibromo-1-cyano-2-phenylethane 
This compound was prepared in 85% yield from 1-cyano-2- 
phenylethylene by the method of Birks and Wri ght221 as a sharp smelling 


yellow-brown solid, m.p. 89-90° (lit., m.p. 92-83°). 


3-Cyano-1-cyclohexy1l-2-phenylaziridine 

To a solution of 1,2-dibromo-1-cyano-2-phenylethane (2.89 g, 
0.01 mole) in benzene (150 ml) with stirring at 0°, was added dropwise 
a solution of cyclohexylamine (9.0 g, 0.09 mole) in benzene (BoRmi) 7 
The resulting solution was then stirred at room temperature for 14 days, 
when the theoretical quantity of cyclohexylamine hydrobromide (3.6 g) 
was collected. The yellow aes was concentrated in vacuo, and 
subjected to chromatography on grade 1 alumina (BDH, 120 g) with benzene 
as eluant. Removal of the solvent gave the title compound as a buff 
colored solid (2.07 g, 92%), m.p. 108.5-110.5° (heptane). 
Anal ¥.Caled??for CjsiyeNo: ©, 79.04; H, TE INOO AN. DFR 

Found -@G@yoe42;3 Hy, S.00;9N5 12.44. 

Mass spectrum: 226.1470 (C, Hy gNo)- Found: 226.1470. 
Infrared spectrum Vyax (CHC1 3): 225 Gm GN) eee 20 cm! (GaN) = 
P.m.r. spectrum (CDCl): 1.00-2.08 (multiplet, 11H, cyclohexyl CH, and 
CH), 2.90 and 2.31 (AB quartet, 2H, aziridine ring protons, J = 6.3 Hz), 


7e27o7. SS ecnultiplet, SH, tary! protons). 
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Reaction of 3-Cyano-1-cyclohexy1-2-phenylaziridine with 
Dipheny lcyclopropenone 
A solution of 3-cyano-1l-cyclohexyl-2-phenylaziridine (0.452 g, 

0.002 mole) and diphenylcyclopropenone (0.406 g, 0.002 mole) in o-xylene 
(35 ml) was heated under reflux for 24 h. The yellow solution was 
cooled and the xylene removed im vacuo, giving a yellow oil which 
solidified on cooling. Recrystallization from ethanol gave 
1-cyclohexy1-2,3,4-triphenylpyrrole (89), as white crystals (0.55 g, 
Jas) gatepeelOdo166:. 
ual yi calicdetore@ i> Nem@,6 69.12; H, 7.16; Njasa/1. 

BOun Cd cmiGnen Col / sail aes 4s mING we oat) Oo 
Mass spectrum: 377.2143 (C. oHoN). FOUN Si merci 4A. 


Infrared spectrum v (CHC13z): 1602 emt (acomati eG G=@)m (there was 710 


max 
C=N stretching frequency present in the spectrum). 

Ultraviolet spectrum d,4, (CHC13z): 247 Ghee © ets, 2s (OMu se 25 i) 
2e6emup(logee 4/10). 

P.m.r. spectrum (CDC1lz): Omssa2.2 Gm (multipl ets L0H. cyclohexyl Cha). 

S 57-4 ioaqnuleiplet, 1H, cyclohexyl CH) 7.00-7-42 (nui tipler Slon. 
aryl protons and ring Cy proton). 

This same pyrrole was also obtained in 61% yield, m.p. 164-165° 
by heating under reflux for 24h, a solution of 3-cyano-1-cyclohexyl-2- 
phenylaziridine (0.226 g, 0.001 mole) and diphenylcyclopropenone 
(0.206 g, 0.001 mole) in toluene (25 ml). The product was isolated in 


the manner described above, and was identical in all respects with the 


above mentioned pyrrole, 
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Reaction of trans-3-Benzoyl-1l-cyclohexyl-2-phenylaziridine with 
Phenylhydrazine 

Phenylhydrazine (1.296 g, 0.012 mole) was added to a solution 
of trans-3-benzoyl-1-cyclohexy1-2-phenylaziridine (2.44 g, 0.008 mole) 
in glacial acetic acid (14 ml) and the mixture heated to BO acoteamrew 
minutes, cooled to room temperature, and allowed to stand for 24h. The 
yellow solution obtained was cooled to 0°, when a yellow solid settled 
out of solution and was collected by filtration (1.18 g). The filtrate 


was diluted with an equal volume of water?92 


whereupon a second yellow 
solid precipitated from the mixture and was isolated (1.93 g). The 
solids were found to be identical and to be 4-(N-cyclohexy1)-1,3,5- 
triphenyl trans 4,5-pyrazoline (3.11 g) contaminated with some acetic 
acid. Recrystallized from benzene-ethanol, m.p. 143-145°. 
Anal. Calcd. for Co7Hg0Nz: C, PAAOD Seley UGS As IO oe 

eeyniivels (C4 TASES ely GSR Nia Si 
Mass spectrum: 395.2362 (C5 7H5oN3). Found 39 502502.. 
Infrared spectrum v,,, (CHC13): 3505 cm! (NH) . 
P.m.r. spectrum (CDC1z): 1.00-2.07 (multiplet, 10H, cyclohexyl CH), 
2.73-3.10 (multiplet, 1H, cyclohexyl CH), 4.42 ene Soil UNE) @ieewmeete 4 25th 


84 : 
ring 4,5 protons, trans coupled, J = 2.5 Liz JeUc-o 00 (mu lorplet, 815i, 


aryl protons). 
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7. ©6henrcal Properties of 4-Oxazolines 


Control Attempted Reaction of 4-Oxazolines with Lewis Acids 

4-Toluenesulfonic acid (0.001-0.002 g) was added to a solution 
of 4-benzoy1-3-cyclohexyl-5- (cis-1,2-diphenylviny1) -2-pheny1-4-oxazoline 
(0.10 g) in benzene (30 ml). The flask was shaken for a few minutes and 
a red coloration was imparted to the solution which darkened with time. 
The flask was kept in the dark at room temperature for 16 h, after which 
the solvent was removed in vacuo and the residual oil passed down a short 
colum of grade 1 alumina (BDH, 20 g) with benzene as eluant. elites 
manner a yellow oil was obtained which crystallized on trituration with 
heptane to give the starting 4-oxazoline (0.070 g, 70% recovery), m.p. 
158-160°. 

Comparison of the spectra of this compound with that of the 
authentic material confirmed the identical nature of the compounds. 

In a later experiment over a period of 4-5 h, an 80% recovery 


of the 4-oxazoline was obtained. 


Acid Hydrolysis of 4-Benzoy1-3-cyclohexy1-5- (ets-1, 2-diphenylviny1)-2- 
(4-nitropheny1)-4-oxazoline (70D) 

The title 4-oxazoline (0.30 g, 0.00054 mole) was heated under 
reflux in 2N hydrochloric acid (25 ml) for a Deri Ouporeseeile On pcooling 
the orange mixture, a yellow residue appeared in the flask, while a 
white sublimate was observed in the condenser and was isolated. The 
mixture was then extracted with ether (3x20 ml) to give an organic layer, 


an aqueous layer, and an insoluble yellow residue. 
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a) paWnaitessublimate: this was found. to be benzoic acid (0.007 g), m.p. 
116-118°, and was identified by spectral comparison with authentic 
material, 

b) Ether extract: this was dried (MgSO4) and the ether removed 7n 
vacuo to yield a yellow oil (0.035 g) which partly crystallized on 
standing. This was found to be 4-nitrobenzaldehyde on the basis of its 
compatibility in infrared and p.m.r. spectra with authentic material, 
and by its 2,4-dinitrophenylhydrazine derivative, m.p. 317-318° (lit., 
Mop. B02 having an identical infrared spectrum and undepressed 
mixed melting point with the same derivative of authentic 
4-nitrobenzaldehyde. 

c) Yellow residue: no structure could be assigned to this semi-solid 
(0.02 g), which possessed a Oenen yA stretching frequency in the infrared 
spectrum (Nujol) of 1754 cm} and from the mass Spectrum was seen to 
correspond to m/e 324 (parent 4-oxazoline-anil moiety). 


d) Aqueous solution: this contained only cyclohexylamine hydrochloride. 


Acid Hydrolysis of 3-Cyclohexy1-5- (ets-1,2-diphenylviny1)-4- (4- 
nitrobenzoyl)-2-pheny1l-4-oxazoline (70B) 

The title 4-oxazoline (0.40 g, 0.00072 mole) was heated under 
reflux in 2N hydrochloric acid (25 ml) for a period of 33 h. From this 
reaction four products were isolated in the manner described above. The 
white sublimate (0.008 g) and the ether extract (0.050 g) were found to 
consist of benzoic acid (m.p. 119-120.5°), while the aqueous layer 
contained cyclohexylamine hydrochloride. As before, no structural 


assignment could be given to the brown residue (0.12 g, m.p. 85°) the 
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physical data of which was as follows. 
Mass spectrum: 369 (parent 4-oxazoline-anil moiety). 

: -1 
Infrared spectrum v,,, (CHC1z): 1766 (C=0), 1695 cm (C=O). 


P.m.r. spectrum (CDC1,): 6./0-8.50 (multiplet, aryl protons). 


Acid Hydrolysis of 4-Benzoy1-3-cyclohexy1-5- (ets-1,2-diphenylviny1)-2- 
pheny1-4-oxazoline (70A) 

The title 4-oxazoline (0.20 g, 0.00039 mole) was heated under 
reflux in 50% (w/w) sulfuric acid (25 ml) for a period of 3h. As in 
the procedure described above, benzoic acid was sublimed out. in the 
condenser and benzaldehyde was obtained from the ether extract which 


was characterized as its 2,4-dinitrophenylhydrazine derivative. 


Reaction of 4-Benzoy 1-3-cyclohexy1-5- (cis-1,2-dipheny lviny1) -2-pheny1-4- 
Oxazoline (70A) with Dimethyl Sulfoxide 

A solution of the title 4-oxazoline (0.511 g, 0.001 mole) and 
dimethyl sulfoxide (0.234 g, 0.003 mole) in benzene (30 ml) was heated 
under reflux for 24h. RENT of the solvent tm vacuo and 
chromatography of the resulting red oil on Fisher alumina (30 g) with a 
1:1 mixture of heptane and benzene as eluant, gave as the main fraction 
an oil which crystallized on trituration with ethanol to give as a 
yellow-pink solid the title 4-oxazoline (0.408 g, 80% recovery), m.p. 
157-159°. Comparison of spectral properties with those of the authentic 
material confirmed this result. 

A repeat of this reaction in neat dimethyl sulfoxide caused 


decomposition of the 4-oxazoline. 
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With Sodium Hydroxide 





4-Benzoy 1-3-cyclohexy1-5- (cis-1,2-diphenyivinyl) -2- (3-nitro- 
pheny1}4-oxazoline (0.25) was heated wnder reflux in 10% sodium hydroxide 
solution (20 ml) for 4h. Filtration of the reaction mixture gave the 


ibove startime 4-oxazoline (0.185 ¢, 74% recovery), m.p. 158-160°. 


Thermal Decomposition of 4-Benzoyl-3-cyclohexyl-5~(ets-1,2-diphenyl- 








vonyl}~2-phenyl1-4-oxazoline (70A) in Toluene 


A solution of the title 4-oxazoline (0.767 g, 0.0015 mole) in 
toluene (60 ml) was heated under reflux for 48h. The deep red solution 
was allowed to cool overnight by which time the colour had faded to 
yellow. The solution was concentrated tn vacuo and the residue taken up 
in a small volume of benzene from which a white solid precipitated and 
was collected (0.02 g}. The benzene solution was again concentrated and 
subjected to chromatography on grade ] alumnes (BDH, 502) wath benzene 
as eluant, to produce a yellow oil which solidified on standing. 
Recrystallization from ethanol gave a wha te) solv (0 .Cooee) = and sar yellow 
filtrate which on further concentration and cooling afforded a bright 
yellow solid (0.07 g), m.p. 144-146° (ethanol). These compounds were: 
a) White insoluble compound: no structure could be assigned with 
confidence to this highly insoluble product the physical and spectral 
data of which are tabulated below. 


M.D. Fee ee Atiditiee HOimide KiyeSG.96; ply. ls oN, OF0GR Sinise eives all 


empirical formula of CgH,0 or Cy5!l) 202. 


Infrared spectrum Vax (Nujol): 3083 (eas aGl yey sea aS cn”! (G20)s 
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No suitable solvent for p.m.r. spectroscopy could be found. 
b) White compound from column: as before no structure could be assigned 
to this compound whose physical and spectral data are as follows. 
Mopeple0s! $1). s iAnale Found:)C,4980. 30; H, 4.76; Nj 0.00 (empixical 
formula C7H5O). Osmometric molecular wt. 5206 
Mass spectrum principal fragments m/e: 235, 178 and 105. 
Infrared spectrum vjqx (CHClz): 1819, 1817, 1795 (C=0), 1680 cmt, 
P.m.r. spectrum (CDC1lz): 6.34 (broad based singlet), (oO —eO4e( Muleip let; 
ary ljpcotons), ratio wal;19- 
c) Yellow compound: this product was assigned as an a-pyrone on the 
basis of the compatibility of its physical and spectral properties with 
those of known a-pyrones. 
M.p. 144-146°. Anal. Caled. for CyzHj 602: C, 85.19; H, 4.49. 
FOUNC MG smO4 sol cmt mo RU de 

Mass spectrum: 324.1150 (Cj2H),02). POUNd = O24... bo7. 
Infrared spectrum v,,, (CHC1z): 1719 (C=0 of a-pyrone) , SLAG cm! 
(shoulder, C=0). 
Ultraviolet spectrum ),,, (CHCl): DAse (loceced 0 1)pmecOousim (LOgeem Ss. 901). 
361 mu (log ec 4.09). 
P.m.r. spectrum (CDC1lz): 7.08-7.92 (multiplet, aryl protons and ring 
proton). 

If this reaction was stopped after 45 min, and worked up as 


described previously, the title 4-oxazoline was recovered in 80% yield. 
















stusartds Gi wigiod 24 debe tins nord Bauman 
’ 4 a é ‘ -— = 7 : Por 


oti mi Leztigere On Les heyday 9204 b iad site os 


1; ~Avul it OF OF ) hn | . Lard "181-08 44 1 | 
‘ sr! «he a** 4 bd yo" 7 64 


W for Ty (0 tg? slum 
; 'SVA Z25tt0 uitt an ee 


' f a Cc ce 4 
a Sete " 
z 7 . 
ocr TURE LORRE tO) vou mret20q : sorted 


saad Scord) -.9 :ipt wig) a ce aed 
, of IsSt ems fa rte 


mise8 2aw 3! } : bavoqmo2 


| 
yi2vii Oo Wiiad }7aqmoe © 


i.e io (etds pte <3) CEED, OSE “reals seg 
: ee i 
to to Os; tv , By an af mr SIGE RACER 
- ae 55 sTuoda) 
of piel re ruoda) 
ve . _ 7 s 
. - ~ oe Pe : 
HE * (SO) got), E08 + G70N9)’ s a SOR: tale vaca 
pet 7 
- 3] un foe 
4 z hindel vi mw 
torg Ivers ,24iqhpim ‘se.9-d0.7 ea 700) on ee ne ee ~ 
y j 5 _ motor, 
, 7 : 


baatrow lidh Mit ah ott e boqquez aay, nba innate & i. BiG fs 





bSisvoos1 RW aii sash dhiis Fit sewed ’ 


ia 





245 


Thermal Decomposition of 4-Benzoy1-3-cyclohexy1-5-(cts-1,2-diphenyl- 
viny1)-2-pheny1-4-oxazoline (70A) in n-Butanol 

A solution of the title 4-oxazoline (0.256 g, 0.0005 mole) in 
n-butanol (20 ml) was heated under reflux for 48h. The cooled red 
solution was concentrated in vacuo and the residual red oil subjected 
to chromatography on grade 1 alumina (BDH, 25 g) with benzene as eluant. 
The main fraction,which on removal of the solvent and trituration of the 
resulting yellow oil with heptane, gave a yeilowssoltds(0.029%¢)% mp. 
143-145° (ethanol). This product was found to be identical in all 
respects (superimposable i.r. spectrum, mass spectrum, and undepressed 
mixed melting point) with the a-pyrone obtained from the decomposition 
of the same 4-oxazoline in toluene solution. No other products were 


obtained from this reaction. 


Photochemical Decomposition of 4-Benzoy1-3-cyclohexyl-5- (eis-1,2- 
diphenylviny1)-2-phenyl-4-oxazoline in the Presence of Dimethyl Fumarate 
A solution of the title 4-oxazoline (0.102 g, 0.0002 mole) and 
dimethyl fumarate (0.029 g, 0.0002 mole) in chloroform (10 ml) was 
subjected to photolysis for 1h, at room temperature using a Hanovia 
medium pressure mercury lamp (450W) with a Vicor 7910 filter (>2150A), 
and a quartz tube. At no time during the reaction did any red colour 
appear in the solution. The reaction was monitored by following the 
disappearance of the 4-oxazoline carbonyl stretching frequency. The 
solvent was removed 17 vacuo and the yellow oil produced was subjected 
to chromatography on grade 1 alumina (BDH, 25 g) with benzene as eluant. 


Removal of the solvent gave a yellow oil which Crystallazedeon standing. 
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This was a two-component mixture (t.1l.c.) which was separated by 
crystallization from ethanol to give a yellow solid (0.005 g), ies 8) 
141-142°, and a white solid which was found to be dimethylfumarate. 

The yellow compound possessed identical spectral properties to the 
a-pyrone obtained from the thermal decomposition of the 4-oxazoline and 


was concluded that both compounds were identical. 


Lithium Aluminum Hydride Reduction of 4-Benzoyl-3-cyclohexy1-5- (cis- 
1,2-diphenylviny1)-2-phenyl-4-oxazoline (70A) 

A Ssolutvonsorethe titie 4-oxazoline (07511 ¢, 0.001 mole) in 
dry ether (50 ml) was added in a rapid dropwise manner to a solution of 
lithium aluminum hydride (0.038 g, 0.001 mole) in dry ether (20 ml) and 
the mixture was heated under reflux for 40 h. The steel grey coloured 
mixture was cooled and extracted with aqueous ether (25 ml), water 
(5 ml), dulupessodiimanyvdroxtdem io ml \iandewater (Semi). meine: tinal 
mixture was filtered and the organic layer separated and dried (MgSO,). 
The ether was removed tm vacuo to yield a white sticky solid which 
crystallized on trituration with 95% ethanol to give as a diastereo- 
isomeric pair 3-cyclohexy1l-5-(cets-1,2-diphenylviny1)-4-hydroxybenzyl-2- 
phenyl-4-oxazoline 103, (0.35 g, 68.2%), m.p. 190-192° (ethanol). 


Analoe Cal Cd ast O7aG NO.: Ceo elt. H OSS 2i Nameos foe 


361135 
POUNCemUPeOo4 = 2Osmil, = Ol Ol aN tee. Oo. 

Mass spectrum: 513.2668 (Cz¢HzcNOy). Found: 513.2662, 

Infrared spectrum Vmax (CHC1z): 3550 en7} (OH). No trace of the carbonyl 


group of the substrate at 1695 cm7! was present. 


P.m.x. spectrum (CDC1z): 0.40-1.80 (multiplet, 10H, cyclohexyl CH), 
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2.00-3,00 s(multiplet, 1H, cyclohexyl CH), 4.85 (singlet, 1H, 2 proton}, 
E, UOmand as 25 (broad basedesing lets, in hydroxy W proton of diastereo- 
PsOnerrcehain)) .0,4omangso.o2 (Sanglets, 1H, allylic protons of 
drastereoisomeric parr), /.10-8)/4" (multiplet, 21H, aryl protons and 


vinyl proton). 


Attempted Synthesis of the 4-Oxazoline Ring System 


Method I (see Scheme IX) 
Quinaldoyl Chloride (105) 
This compound was prepared from quinaldic acid in 65% yield by 


the method of Besthorn and inelee" Tinie, SOSO (CEen asin, Se 


2-Benzoylquinoline (106) 
This compound was prepared from quinaldoyl chloride in 61% 
yield by a Friedel-Crafts acylation employing the method of Besthorn, “0/ 


Wepee LOC Ol Clie... Me Ta 


Attempted Quaternization of 2-Benzoylquinoline with Benzyl Bromide 


A solution of 2-benzoylquinoline (1.0 g, 0.0043 mole) and 
benzyl bromide (1.1 g, 0.0064 mole) in dry ether (50 ml) was allowed to 
stand at room temperature for 14 days. The solvent was allowed to 
evaporate giving a pale yellow crystalline compound which was found to 
be 2-benzoylquinoline (1.0 g), m.p. 108-110". 

This reaction was repeated in dry acetone (40 ml) and heated 
under reflux for 24 h. Removal of the solvent gave only 


2-benzoylquinoline, m.p. 108-109". 



















J . * 2 ~~: 
a fagihb<4 10 FO [-vxoyeriell il ,2onignlt Gssec haord)- =» ONS 


io: [vi {-,4telgtiz) Sese tat 
7 
; yafqislun) Lp-O0.5 4 
tr 
’ 


7 _ 
tT: t iis. ii fr 


re t}. *hes :, eeY lin rt 10 bos a oA | 


é 7 ot ‘a 


é 
‘- (aC) smb tonivuplyosm w98l- 


| . ake _ 
5 nts: Tal ftp meta bores anw lyetus ‘TOD 2bit -_ 
ined 


. i : ere 
sole ‘bhodje oils oniyoloats mortst< Siem tehorst se Yd bioty 


: ; ve ' 
“fti- it «VA a a6 | "eo! 0 +7.m 
. 7 he: oer 


ty , 7 
a = an as 
) ‘ : , a 
: 1 r . 7 “ up: g. — 
1, ; '' rigcn ri ' yy = ) i> s2 ra . y 3 T2) 
) aff ATi SES OR SOD) NOS NIR ES 10. ae a 6 yan A 


Z oe 
bas (elom 2000.0 .9 0.1) satlorivplyorteg-s tea gone mes 


of b4wolls: 2aw (im 02) vellts wbunk (efom, FOOD, O0ce ees ob nord | yard 
< " ath 
o3 bowoltls ae Insyioaadt ».2¢6éh6{ tor Sinvere oyna wate te bn 7% 

“ 


a 


oy bowel enw ibinw bruvoquos sotifetzyr: woliag aang 8 saivig toqnve 


q 


win ate, acne i 
; P "Oi T-80E vc {2 0. 1) anitomin yornsd- 
=e ‘ -_ - 
beyeod Bae (lm Oh) Mh 39p@ wth ni bsigoqa 20W aie ein? 


ce, 
oe 


Te 

* ¥AnG aviy. rine lie a V0 anal be s03 xutisy rot 
7 a : [ - = 

yu ae quit ,entluniuplyo: 
io COL-80L — MEpeN 






oe 


248 
This procedure was then abandoned. 


Method II (see Scheme X) 
2-Benzoyl-l-cyanoisoquinoline (110) 
This compound was prepared in 37% yield from isoquinoline by 


208 


the method of Reissert, Wee t co 126 = (la temme peel 2o=t oe) 


1-Benzoylisoquinoline (111) 
This compound was prepared from 2-benzoyl-1l-cyanoisoquinoline 
in 62% yield by the method of Boekelheide and Weinstock, 299 Msp. /o-15 


er ee Oe hs 


1-Benzoy1-2-benzylisoquinolinium bromide (112). 
IMLS SEBEL Ae nee carried out following the method of Bradsher 
and Solomons. 729 
1-Benzoylisoquinoline (2.0 g, 0.0086 mole) and benzyl bromide 
(2 UpemO Ul 2enole)ewertceallowedstO; react 101ml ZedaysectecOomeremperature, 
The brown oil obtained was crystallized by trituration with ethyl acetate 


LoOEcive ine title compound as anyellow= powder, (ly 5082, 8097 6) 4) Msp. 


Pow ly Umm Cliente el 7c ls, 


Attempted cyclization of 1-benzoyl-2-benzylisoquinolinium bromide to the 


corresponding 4-oxazoline 

A solution of diisopropylethylamine (0.774 9, 0.0060 mole) ian 
98% ethanol (10 ml) was added to a solution of 1-benzoyl-2-benzyliso- 
quinolinium bromide (1.20 g, 0.003 mole) in 98% ethanol (40 ml) and the 


resulting brown solution stirred at room temperature for 30 h. Removal 
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of the solvent in vacuo gave a brown oil which could not be identified. 


Lack of time prevented further work on this subject. 


Method III (see Scheme XI). 
C-Benzoylbenzylideneaniline (115) 

Pali xLuresOmepeiziim 2, OO lemole)jmand: rears tilledeantiline 
(93-0ee 1. 0*mole)iwas heated at 150° in a pressure bottle for 52 h. 
The dark brown solution was cooled and the excess aniline removed in 
vacuo to give a dark brown oil which was taken up in 95% ethanol and 
chilled to give the title compound as a pale yellow solid (26.0 g, 
92.2%), m.p. 95-96°. Recrystallization from ethanol gave pale yellow 


necdles em.p. 105-104. 3(late mp. 105- Aes 
p p 


Benzylidenehydrazine (116) 
This compound was prepared in 56% yield from benzalazine by the 


214 


method of Curtius and Franzen; " b.p. 88° at 1.5 mm (lit. b.p. 140° at 14 mm). 


Phenyldiazomethane (117) 

Yellow mercuric oxide (11 g) was added to a cooled suspension 
of benzylidenehydrazine (6.6 g, 0.055 mole) in hexane (40 ml) and the 
mixture stirred for 45 min, during which the colour of the hexane changed 
to red-brown. The mixture was decanted and the hexane removed tn vacuo 
at <25° to yield phenyldiazomethane (5.0 g, 77%) as a red oil which was 
Storedwat) 0-10- in a tightly stoppered vessel. This compound could be 
purified by distillation, b.p. 90-93°/10 mm,but some loss due to 
decomposition was encountered. 
(CHC1z): 2078 cm™+ (NEN). 


Infrared spectrum v,, x 
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Attempted reaction of phenyldiazomethane and C-benzoylbenzylideneaniline 


a) Thermally in chloroform 

A solution of C-benzoybenzylideneaniline (2.85 g, 0.01 mole) 
and phenyldiazomethane (3.54 g, 0.03 mole) in chloroform (50 ml) was 
heated under reflux in a nitrogen atmosphere for 33 h, when the red 
colour of the solution had faded to pale yellow. Heating was continued 
for a further 30 min, after which the solution was cooled and the 
chloroform removed im vacuo to give a yellow-orange oil which was shown 
by t.l.c. to be a two-component mixture. Heptane (15 ml) was added and 
the mixture chilled to give a yellow solid (2.26 g), m.p. 95-128°. This 
was shown by spectral evidence to consist mainly of the starting material, 
C-benzoylbenzylideneaniline and a minor product which appeared to be a 
polymeric product of phenylcarbene (m/e 360) but which was not 


identified. 


Dye Catalytical ly ain chloroform 

A solution of C-benzoylbenzylideneaniline (0.884 g, 0.031 mole) 
and phenyldiazomethane (1.10 g, 0.0093 mole) in chloroform (40 ml) 
containing copper sulfate (0.050 g, 0.00031 mole) was stirred at room 
temperature under nitrogen for a period of 10 h. The yellow solution 
was filtered to remove the suspended copper salts, and concentrated in 
vacuo to give a yellow oil which crystallized on trituration with cold 
heptane to produce as a yellow solid C-benzoylbenzylideneaniline 


(0.76 g, 86% recovery), m.p. 103-106°. 
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a Photochemically in benzene 

A solution of C-benzoylbenzylideneaniline (0.95 g, 0.0033 mole) 
and phenyldiazomethane (1.18 g, 0.01 mole) in benzene (40 ml) under 
nitrogen was irradiated at room temperature using a Hanovia medium 
pressure mercury lamp (450W). The light was unfiltered and the reaction 
vessel was Pyrex, After 21h, no loss of colour was observed and the 
i.r. spectrum of an alliquot still showed the characteristic v(N=N) at 
2080 cm™}, 
The irradiation was continued for 4 h at 78° by which time the 
red solution had faded to a pale yellow hue. Work-up of the solution 


as before produced only C-benzoylbenzylideneaniline (0.70 g, 73.7% 


recovery). 
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CHAPTER IV 


[2+3] CYCLOADDITION REACTIONS OF 4-OXAZOLINES 


As mentioned in Chapter III when 4-oxazolines were prepared 
by the 1:1 aziridine to diphenylcyclopropenone method, common side 
products were yellow crystalline compounds which were assigned as 


tetrasubstituted furans of general structure 123. 


0 


if) 
C6Hs iG Ue 


C6Hs 


25 


Indeed when diphenylcyclopropenone was present in excess, or when 
higher temperatures were used, the furans were the sole product from 
the reactions. These furans, once characterized, were of considerable 
Significance in substantiating the proposed structure of the 
4-oxazolines and the cleavage of the latter in appropriate solvents, 
aldatuLtneraprovidedstie keys tCOlan extrenely Gruitiul field of study 
in dihydrofuran chemistry. 

A plausible rationalization for the formation of the 


tetrasubstituted furans is shown in Scheme XII. 
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In Scheme XII it is postulated that the initially formed 
4-oxazoline reacts with diphenylcyclopropeneone in a [2+3] 
cycloaddition reaction at the C=C bond of the latter to produce the 
intermediate shown, which then decarbonylates to yield the furan I24, 
The extruded anil moiety was almost invariably hydrolyzed in the 
isolation procedure to the corresponding aldehyde and cyclohexylamine. 

This rationalization has been supported by the following 


experimental evidence. Lown and Smalley? ®? 


have found that treatment 
of the 4-oxazoline (70A) with one equivalent of diphenylcyclopropenone 


in toluene solution under reflux produced the furan 124 as shown in 


equation [120]. 


O 
[220] i 
C6Hs C6 Hs 


toluene, 
mae sl 


Cee eth Gt, | 


7 + 
y 65 CH 
Cie Ga a 6125 
CeHs 
70A 124 


The identical furan was also obtained in 76% yield from a separate 


reaction of the 4-oxazoline 70A and diphenylacetylene as shown in 
equation jean ae 


O 
| 


0 
C-H CAH (con 
Geet iG (ome Ea , LOiene 65 Oro 
YW MG. HEMG= C30 He => \ 7 
H | A 
CgHs 
0 “tgs 


ou oeee c| CgHs 
Ces 704 | 124 
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[121] 
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The possibility of decarbonylation of diphenylcyclopropenone 
to diphenylacetylene prior to cycloaddition with the 4-oxazoline 
was eliminated by a control reaction in which diphenylcyclopropenone 
was recovered in good yield from boiling toluene (b.p. 113°) containing 
cyclohexylamine over a period of 24h. Also Breslow and Conorkerse 
have shown that decarbonylation of diphenylcyclopropenone occurs only 
at temperatures around 160°. 

The conclusion from these results was that the cycloaddition 
of 3-aroyl-2-arylaziridines to diphenylcyclopropenone involved 
competing 1:1 and 1:2 reactions to produce 4-oxazolines and tetrasub- 
SereuUrcdstUranlsatespectively mm this latter reaction wasssuccessiall ly, 
Suppressed. py altering thesraviovor the reactants) to 4 -5.in tavour of 
the aziridine, and thus only the 4-oxazolines were produced in 
increased yield. 

Another interesting observation from Chapter III was that 
higher reaction temperatures favoured the exclusive formation of furans. 
By employing this fact a Series of substituted furans were prepared by 
the reaction of 4-oxazolines with various acetylenic dipolarophiles by 
heating in toluene or xylene solution for periods of twenty-four to 
forty-eight hours. Usually the acetylenic species was employed in a 
Si Cliomexcess we andatiomreactlOnerinecl li theminitials deepsred colour 
had changed to a translucent pale yellow. This colour change provided 
an excellent visual means of following the progress of the reaction. 
Altemative monitoring by t.l.c. produced the same result. 

These furans were stable compounds and Skid Oe Genonned 


coloured melts. The compounds prepared and their analytical and 
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spectral properties are listed in Tables XXVII and XXVIII and refer to 


the general@structure 125. 
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These reactions proceeded smoothly and in fair to good yields to give 
the furans, the structure assignment of which rests on spectral 
evidence and on the structure of the 4-oxazoline precursors, The mass 
spectra of several of the furans were characterized by the loss of the 
aroyl ion from the molecular ion. This taken together with the 


carbonyl stretching frequencies in the infrared spectra would tend to 


eliminate an alternative structure P26, 


——e 


The assignment of these groups is therefore the same as in the parent 
4-oxazolines, and this finding was observed to apply to all the [2+3] 
cycloaddition products reported in this chapter. 

It was also shown, that the original 3 proton of the 
aroylaziridine ring,which was found in Chapter III to become the vinyl 
proton of the 4-oxazoline,is also the vinyl proton of the 2-substituent 


on the furan ring as shown in equation [122]. 
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I benzene Colls—t Pace 
» | 
0 C-Hy-p=NO 
Oude 2 
| H Sales 
oil C,H 
6ar5 
87 
85% D 
Ce6Hs C=CCO5CHz 
22) 
ae o 


Ce6He Deshi s 


C6Hs 
12 Se 


The loss of deuterium label can be attributed to leakage from the 
intermediate azomethine ylide in the first stage of the reaction. 

In the case of products 125B, C, and D, where the original 
dipolarophilic species was unsymmetrical, it was not possible to assign 
a particular orientation with confidence, and the numbering of the ring 
substituents in the experimental section must be regarded as tentative. 
No mixtures were ever obtained from these reactions. 

Of particitlar interestawassthe Very tanid) reaction (20° min) 
of the 4-oxazoline (70A) with benzyne, which was generated in sic from 


LoS 


dipheny liodonium carboxylate as shown in equation [123]. 
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Furan 125H was obtained by the reaction of the 4-oxazoline 70A with 
1,4-naphthoquinone and the initial dihydrofuran produced by the [2+3] 
cycloaddition was probably dehydrogenated in sttu by unreacted quinone 


as shown in equation [124]. 
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[124] 
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It was found that the addition of a catalytic quantity of 
4-toluenesulfonic acid to the reaction mixture had an accelerating 
effect on the rate of reaction,and as mentioned in Chapter III probably 
assists in the removal of the anil moiety. No reduction in product 
yield was found to accompany this process. This finding was observed 
to have wider implications as will be described later. 

As a logical extension of the reactions of 4-oxazolines with 
acetylenic dipolarophiles, attention was turned to their olefinic 
counterparts which Huisgen has shown to be no less reactive in [2+3] 


cycloaddition reactions .°7?/9 


By employing the more numerous olefinic 
dipolarophiles the scope of the reaction would be greatly expanded, and 
furthermore there existed the possibility of obtaining information on 
the orientation of the addition and on the reaction stereospecificity. 
Also a literature survey revealed just how little work had been done on 
the chemistry of dihydrofurans of any complexity, and they did not 
appear to be readily attainable by standard synthetic aiemetnnes. 

It was found that many olefinic dipolarophiles reacted 
smoothly with the 4-oxazolines to produce dihydrofurans, the yields of 
which were related to the reactivity of the dipolarophilic species. A 
Slight excess of the olefin was penerally employed and the reactions 
Welemeunductcdsiimclt letra) =cOlucnc Or xy lencaunden cel Ux om b) ein 
benzene solution with acid catalysis. The progress of the reaction 
COUIGIDeNLOLLOWECsDYetU.incCemOleVisUallysas tie tormacion of the product 


was accompanied by a gradual change in the colour of the solution from 


deep red to pale yellow. Furthermore, when czs and trans olefinic 
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dipolarophiles were employed, complete stereospecificity was observed 
in the product dihydrofurans with the exception of two readily 
explainable cases where stereoselective reactions occurred. 

The dihydrofurans thus prepared and their analytical and 
spectral data are listed in Tables XXIX and XXX in which the numbering 


of the substituents refers to the general structure 128. 
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Table XXIX shows the scope of the reaction and illustrates 
how the yields of products vary with dipolarophilic SAC baa Gy cee tana 
interesting to note that with the exception of acenaphthalene the 
trend as expressed by these results closely parallels that obtained by 
Huisgen in his study of the reactions of dipolarophiles with 
diphenylnitrile imine (Table Te oe 

A variety of other olefins were screened in reactions with the 
4-oxazolines but failed to produce dihydrofurans for a variety of 
reasons, some of which are offered below. One difficulty arose from 
the temperature required to initiate the cycloaddition reaction in 
eclvents Itke voiucne (pepe sils«) and’xylene (155-140 Jy for it had 
been found that at lesser temperatures the reaction did not occur. 
Highly active dipolarophiles such as acrolein were found to polymerize 
under such conditions before addition to the reactive intermediate 
from the 4-oxazoline could take place. When the temperature of the 
reaction was lowered to 78° (benzene), acid catalysis was necessary 
to effect cycloaddition,but under such conditions another potentially 
activescipolaropiite. acty lamidestatled to react... -Uther species 
(trans-stilbene) were too sluggish for any cycloaddition to proceed. 
Several substituted quinones (o-chloranil, p-chloranil, 2,3-dichloro- 
5 ,6-dicyanobenzoquinone) were screened but failed to react due 
probably to thessterie, requirements of the reactron. 

AS@Witimethes UreaismoLelableexxVi les thesrcaction, of Oletins 
and 4~oxazolines proceeded in one direction only and no mixtures of 


structural isomers were ever obtained. However in this case it was 
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possible to determine the orientation of addition to many unsymmetrical 
olefinic dipolarophiles from p.m,r. line positions as will be described 
hater: 

Themassi onment Otethe geometry of the 4 and 5 protons of the 
dihydrofuran ring was based on the work of Heine, Peavy, and 
Durbet aki. 14 

These dihydrofurans prepared by [2+3] cycloaddition reactions 
gave red melts when heated to >185° and were found to themselves 
undergo [2+3] cycloaddition reactions with suitable dipolarophiles 
(vide infra). 

It also appears that the presence of a carbonyl group at the 
A-position of the oxazoline ring is necessary for successful [2+3] 


cycloaddition reaction to occur, for when this group was reduced to 


a hydroxyl function no such reaction took place with N-phenylmaleimide. 
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Mechanism of Formation of 3-Aroylfurans and 3-Aroyl-4,5-dihydrofurans 


It has been shown by Cornforth!2 that 4-aroyloxazoles can 


undergo thermal isomerization, and this rearrangement was interpreted by 
225 


Dewar in terms of an "open-chain zwitterionic" species (a nitrogen 


ylide) as shown in Scheme XIII. 


SCHEME XIII 
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The 4-aroyl-4-oxazolines described in this work bear a close 
structural resemblance to Cornforths 4-aroyloxazoles, and by analogy 
could conceivably cleave along the O-Cy bond upon heating to produce 


another open chain zwitterionic species as shown in equation [125]. 
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This ring opening to an ylide structure, and the red colour 
associated with the thermal process has received support from the 
isolation of a stable red crystalline 4-oxazoline in the open chain form 


from a reaction in the quinoxaline series as shown in equation Niece 
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A direct analogy for the synthesis of furans by reaction of 
4-aroyl-4-oxazolines with ener yiaeery ones has recently been provided 
by Takaku, Hayasi, and Nozeciaee in the reaction of dimethylsulfonium 
dibenzoyl methylide with diethyl acetylenedicarboxylate as shown in 


equation [127]. 
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Another furan synthesis from an ylide intermediate analogous to 


that of the Japanese workers is shown in equation esis 
Be io CH302 05CH3 
[128] | + eres 
C | es 
joo C ea a: 
CH205C 0 | 
: 134 


A survey of the literature has revealed that information on the 
properties of diarylammonium ylides and other similar ylide structures 
is virtually nonexistent, and is probably due to the very poor 


186,201,226 However the ylide structure 


nucleophilicity of the species. 
132 obtained from the postulated thermally induced ring cleavage of the 


A-oxazoline 70 was of special interest since such species could 


conceivably react as a) C-nucleophiles, b) O-nucleophiles, or c) 
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1,3-dipoles with external octet stabilization provided by the anil moiety 


as shown in Scheme XIV. 


SCHEME XIV 
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Examination of Scheme XIV shows that if the 1,3-dipolar 
interpretation were correct, then the open-chain forms of the 4-aroyl- 
4-oxazolines such as 132 could be regarded as masked ketocarbenes, and 
would be expected to undergo concerted [2+3] cycloaddition reactions 
with suitably reactive dipolarophiles followed by expulsion of the anil 
moiety. 


It is noteworthy that this mechanism would only satisfy a 
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4-isoxazoline structure if an initial rearrangement to the 4-oxazoline 
was first postulated, and this is wlikely in view of Baldwin's resules, 
and the fact that the compounds called 4-oxazolines in this work were 
formed under equilibrium conditions. 

The observed formation of furans by the reaction of 4-oxazolines 
and acetylenes fails to distinguish between the mode of reaction of the 
postulated open-chain species 132 as an O-nucleophile or a Toso pole’. 
Since cts-stereospecificity is regarded as one of the main criteria of 


Toe the reaction of 4-oxazolines with 


concerted cycloaddition reactions, 
isomeric olefinic dipolarophiles was regarded as a suitable means of 


distinction between the two modes of reaction. 


[2+3] Cycloaddition reactions of 4-Aroyl-4-oxazolines to olefinic 
dipolarophiles 
4-Benzoy1-3-cyclohexy1-5-(ezts-1,2-diphenylviny1) -2-pheny1-4- 
oxazoline 70A reacted smoothly with one equivalent of diethyl maleate 
in toluene under reflux for twenty-four hours, to produce after isolation, 
a 51% yield of exclusively 3-benzoyl-4,5-dicarboethoxy-2-(cis-1,2- 
diphenylviny1)-cts-4,5-dihydrofuran 128D., The ezs configuration was 
assigned sbecause OL etiewOusecr vod ABequartet (J = 1155) Hz)ein the p.m.x. 
spectrum, 1°? A parallel reaction with diethyl fumarate gave exclusively 
the trans-4,5-dihydrofuran in 39% yield, and similar stereospecific 
addition of the 4-oxazoline 70A to dimethyl maleate and dimethyl fumarate 


was observed as shown in Tables XXIX and XXX and are summarized in Scheme 


XV. In none of these four cases was the extruded anil moiety isolated. 
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SCHEME XV 


: [ CoHsCH=N-CoHty 1 | 
70A A 


FOR R109 0 
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20+ i \ H + [cotisc=n-cotta | 
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R,05C cae 


Cols 
128B Ry = Rp = CHz 128D Ry = Rp = C2Hs 


The reaction with dimethyl maleate in fact produced a 78:22 
mixture of ets and trans-dihydrofurans and seemed to indicate a 
stereoselective rather than a stereospecific reaction. However in a 
control reaction, dimethyl maleate under the above reaction conditions 
was partially isomerized to dimethyl fumarate, the net result being a 
84:16 mixture of ets and trans isomers, which was to a good approximation 
the extent of isomerization observed in the reaction with the 4-oxazoline. 
This finding had been previously observed by Huisgen and coworkers?” in 
reactions of dimethyl maleate and ketocarbenes,though in their work 


complete isomerization of the dipolarophile occurred prior to addition. 
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A similar situation occurred in the reaction of the 4-oxazoline 
7OA with trans-1,2-dibenzoylethylene where an isomeric mixture of 
dihydrofurans was obtained (128H and 1283). However Kuwajima and 
Muk ai yama’ 9° had demonstrated the susceptibility of 1,2-dibenzoylethylene 
to base addition, and a separate control reaction with cyclohexylamine 
confirmed this finding. 

The generality of the observed stereospecificity in’these 
reactions is illustrated by the reactions of 4-acetyl and 4-aroyl-4- 
oxazolines with dimethyl fumarate in which the product dihydrofurans 
(128A and 128E) possessed exclusively the trans configuration as shown 
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With N-phenylmaleimide and the other cyclic dipolarophiles, the 
product dihydrofurans all possessed the expected ets configuration at 
the 4- and 5-positions. 

It was concluded from the experimental evidence presented above 
that 4-aroyl-4-oxazolines cleave thermally to produce dipolar species 
which do not behave as oxygen nucleophiles. The observed 


stereospecificity of the reaction with olefinic dipolarophiles demands 
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that the dipolar species behave as externally stabilized ketocarbenes 
and consequently undergo concerted and stereospecific [2+3] cyclo- 
additions to olefinic species as shown in Scheme XVI. These conclusions 
present a good case against the 4-isoxazoline structure for the products 


from the reactions of aziridines and diphenylcyclopropenone. 


SCHEME XVI 
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In only one case, that of vinyl cyanide, was the anil isolated 
intact and this was no doubt due to the stabilizing influence of the 


4-nitro group, equation [130]. 





[130] 
Colig— cout i 
6s 
O~ “CgHy-p-NO» waist 
+ 
Cols Cos | 


Alternative Mechanism for the Reactions of 4-Aroyl-4-oxazolines with 
Olefins and Acetylenes 

In 1967, Padwa and Hamilton postulated a 4-oxazoline intermediate 
in the diphenyliodonium iodide catalyzed rearrangement of 3-aroylaziri- 
dines leading to oxazoles.!8’ ‘This was discussed in Ciapeerseleand sii1 


and is briefly outlined in equation [131]. 
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It was therefore conceivable that in thermally induced reactions 
with, for example, dimethyl acetylenedicarboxylate, the 4-oxazolines 
could decompose to 4-aroyloxazoles prior to cycloaddition. In keeping 


with the Dewar explanation for the oxazole isomerization discovered by 
a225 


Cornforth, !* these 4-aroyloxazoles could then cleave to produce 


analogous zwitterionic intermediates which could react with the 


acetylenic dipolarophile to produce furans as shown in Scheme XVII. 


SCHEME XVII 
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This possible pathway was discarded on the basis that anils or 
more frequently their hydrolysis products, aromatic aldehydes, were 
detected in the products. Benzonitrile was never observed as would be 


182 Nad shnownethat no 


required in the above scheme. Furthermore, Smalley 
cyclohexane was produced from a deliberate thermal decomposition of the 
4-oxazoline 70A. A more detailed study of the thermal decomposition of 


this 4-oxazoline is described in Chapter III. 


Assignment of the Orientation of the [2+3] Cycloaddition Reactions of 
4-Aroy1-4-Oxazolines to Olefinic Dipolarophiles 

Control reactions on both the ezs and trans-4,5-dihydrofurans 
showed that they were stable to epimerization under the conditions of 
their formation,as shown in equation [132]. 
hDs2)| 


OCgHs (Galkle = INTE! 
Colle O 7G 2- elie 


CjH502C---- Ee! 


Unchanged starting 
H toluene material 


128D 


However with a suitably powerful base, for example sodium 
methoxide, the evs-dihydrofurans were epimerized to their thermodynan- 
ically more stable trans counterparts. When a 3-fold excess of base was 
employed,not only epimerization but complete transesterification was 
observed to produce the identical trans-4,5-dihydrofuran 128A that was 
obtained from the reaction of the 4-oxazoline 70A with dimethyl fumarate 


as shown in Scheme XVIII. 
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SCHEME XVIII 
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However when this reaction was repeated with a catalytic 
quantity of sodium methoxide in dry methanol the product was the 


epimerized trans mixed methyl ethyl ester 128F,as shown in equation [133]. 


[133] 
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This assignment was based on the following rationalization. It 


was reasoned that the 4-position of the ring would be a more likely site 


for epimerization to proceed than the 5-position due to the greater 


Stabilization of the carbanion generated by the removal of the proton by 


the base, 


I 
eee 
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H [ ~CgHs 
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— CoH 
615 
at 


phvahe 


C6Hs 


136 unfavoured 


With the epimerization taking place at the 4-position,it seemed 
likely that the ester exchange would occur at group on the 5-position of 
the ring to produce the dihydrofuran 128F. 

this rationalizationewas thenvapplied’ to the pimvr. ’spectra of 
these trans-4,5-dicarbomethoxydihydrofurans as shown in Table XXX. 

In direct contrast to the cases of the analogous furan 125A 
(see Table XXVIII), and the czvs-dihydrofuran 128D (Table XXX), the 
carbomethoxy groups of the trans-4,5-dihydrofuran 128A are well 
Separated in the p.m.r. spectrum due to their differing environments, 
anicdearculocatedwass sincletsmates.02 and S. 6465 respectively.” The 
carbomethoxy group in the trans - mixed methyl ethyl ester 128F occurred 
as a singlet at 3.71,and by the explanation offered above was assigned 
to the 5-position of the dihydrofuran ring. Thus in the p.m.r. of 


compound 128A,the singlet at 3.64 was assigned to the carbomethoxy group 
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at the 5-position and the other at 3,02 to the group at the 4-position. 
This rationalization is confined to cases where the 3-substituent is a 
benzoyl group,for replacement by an acetyl group renders the line positions 
too close for an assignment to be made with confidence. 

These predictions were then tested in the reaction of the 
4-oxazoline 7OA and methyl acrylate, which being an unsymmetrical 
dipolarophile could add in two possible directions only one of which was 
observed. The product dihydrofuran 128K possessed a three-proton singlet 
in the p.m.r, spectra at 3.02 and thus the carbomethoxy group was 


assigned to the 4-position of the dihydrofuran ring. 


Effect of Acid Catalysis on the Rates of Formation of Dihydrofurans 

It has been previously mentioned that addition of a catalytic 
quantity of 4-toluenesulfonic acid to the reaction mixture of 
4-oxazolines and olefinic and acetylenic species greatly reduced the 
time required for the preparation of the required cycloadduct. This was 
convincingly demonstrated by the reduction in time from 24 h to 6 h, for 
complete addition of diethyl maleate,and from 22 h to 75 min, for the 
same reaction with diethyl fumarate. Also the reaction of dimethy 1 
fumarate with the 4-oxazoline 70A was reduced in time from 18h to 45 
min, by the catalytic influence of 4-toluenesulfonic acid. Furthermore 
in all these reactions the reaction temperature was reduced to 78° 
(benzene), and no loss in stereospecificity nor in yield was observed 
iiethiceproducts .. iiiSeremarkable errect was »attributed in Chapter 111 
to the acid assisting in the ring cleavage of the 4-oxazoline and in 


the separation of the anil moiety. It was not possible to accurately 
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asSign the position of protonation on the 4-oxazoline from p.m.r. 
studies, because addition of sufficient acid to affect the spectrum 
caused decomposition of the compound. In an attempt to gain further 
information about this process, the reaction of the 4-oxazoline 70A and 
dimethyl fumarate in benzene solution at reflux under the catalytic 
influence (1-6 mgs) of various acidic species was studied as shown in 


equation [134]. 


[134] 0 H i 
C,H am yall | 
Celera © Gal 1 ews eS 
6 5a ra H CO»CHz CHz05C 
eee ae ey 
Nee So Ces CH 3036 benzene j~° —_— 
aN ' CHz09C C6Hs 
Cec CeHs | Acid Seer C6Hs 
70A 128A 


In each case the trans-4,5-dihydrofuran 128A was obtained and the 
reaction times and product yields are shown in Table XXXI. These values 
should be viewed in the light of the thermal reaction of these Components 


which required 18 h for complete reaction and produced 128A in 73% yield. 
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TABLE XXXI 
Effect of Acid Catalysis on the Rate 


of Formation of 4,5-Dihydrofurans 


A 





Acid catalyst Reaction time Product yield % 
CHzCO5H TEAR Jn) ee be 
H>S0, 4h 53 
p-CHz-CeH,SO>H 45 min 69 

BF, 45 min 68 

ZnCl. Sah Bo 

SnCly 50 min mul 

AlCl, 2z h 63 

(CcHe) git 40 min 62 


Table XXXI shows that with the exception of the reaction 
catalyzed by acetic acid, the trans-dihydro furan 128A was produced in 
fair to good yields and in markedly reduced reaction times when compared 
With thesthermal reaction.» Inithe ‘cases of the Lewis “acids: BFz, ‘SnCly, 
and AlClz, an immediate bright red coloration was imparted to the 
solution at room temperature, while with CHzC,H,SOzH and ZnCl5 the change 
was more gradual. With sulfuric acid and diphenyliodonium iodide on the 
other hand the red colour did not appear till just prior tOpuie, Onsetwon 
Tes lux; 

These Lewis acids probably assist the 4-oxazoline ring cleavage 


by coordination with the oxygen atom of the ring and thus weaken the 


fe 














— _ 


} boiz r20bort 








eas | HEE 
ae no 
, ? es 
a aimy ah Jeg 
“ 7 
36 tim ef ‘ 
¢ 4 : te 7 
aa - ae 7 
fe" wim 0& . 
; | ay 
to | aks 
$0 ry *svisw Ob I - 


7 s 
. i ® ad 


notjess sft to nokrqsoKs age tri gots ewomelx onder 
ni L4aouboty zaw ASSL tp 11 on hgehth apne odd , bing , 
habia igi zoeidt so ¢t2a0r beopber- ibeomeam ad Ae | 
eplOhR pth abide 4 feed Sty 20 eazex 983 at -1ef3seet Thier 
‘eit oF basenqui zny noltprates bee ilpird essibonat 

vognbris alt fond bis HeOapHyogtiae dary ek Erle 
ont} (to shibot murtiabor Lynailggh tin bios sia toe ag aW ‘i te 
Ate toend ott oF soli tut Bek mire 


ie 


> 






286 


O-C, bond,and allow the ring to open under these milder conditions. 
The alternative mode, coordination at the nitrogen atom, is considered 
unlikely since this atom is already trisubstituted. Furthermore, as has 
been shown in Chapter III,the 4-oxazoline 70A was recovered in >80% 
yield from such acid treatment at room temperature thus eliminating any 
rearrangement product from contention. 

In the synthesis of dihydrofurans under acid catalysis, benzene 
appeared to be the optimum solvent to employ, for in general no increase 


in the yield of the product nor decrease in the reaction time appeared 


to occur when toluene or xylene?’ were substituted as the solvent. 


Attempted Reduction of 4,5-Dihydrofurans 

In attempts to further establish the dihydrofuran structure 
and to prepare new furan derivatives, various methods were tried to 
dehydrogenate the former compounds but without success. Attention was 
concentrated on the 4,5-dicarbomethoxy and 4,5-dicarboethoxydihydrofurans 
since the corresponding furans had already been prepared in the course 
of the work on 4-oxazolines and acetylenic dipolarophiles. These 
compounds were found to be particularly resistant to sulfur and to 
reactive high potential quinones, and in no case was any furan detected. 
This dehydrogenation failure has also been observed in the attempted 
reduction of imidazolines to imidazoles.°7” 


The problem was then approached from a different angle as shown 
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It was found however that no reaction occurred when compound 
128A was treated with N-bromosuccinimide and this approach was therefore 


abandoned. 


[2+3] Cycloaddition Reactions of 3-Aroy1-4,5-dihydrofurans 

The most characteristic property of the dihydrofurans of Table 
XXIX is that they too give deep red melts at temperatures above 180% and 
red solutions in hydrocarbon solvents at similar temperatures. This was 
seen to be indicative of a ring cleavage process to charged species in a 


manner analogous to that undergone by the 4-oxazolines. It also 
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Suggested the possibility of a novel extension of the [2+3] cycloaddition 
reaction to the dihydrofuran series of compounds. 

Accordingly, eee of the trans-4,5-dihydrofuran 128A with 
an equimolar quantity of N-phenylmaleimide in n-butylbenzene (b.p. 184°) 
under reflux produced a 27% yield of the previously prepared adduct evs 


128M, This result and that of a parallel reaction are shown in Scheme 
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This reaction appears to be confined to the trans-4,5-dihydrofurans, for 
under comparable conditions the ets-4,5-dihydrofuran 128D failed to 


react with N-phenylmaleimide. 
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AS Mightsbe expected, theremarewlimi tations on this reaction, the 
most important of which requires that the new 4,5-dihydrofuran produced 
must have greater stability under the conditions of its formation than 
the original dihydrofuran, otherwise it will merely ring open in the 
same @manner. This severely limits the choice’ ot suitable dipolarophiles 
for this reaction, and N-phenylmaleimide was the only one to be 
successfully employed. Several attempts to prepare a trans-4,5- 
dihydrofuran by this method were attempted without success, for no 
reaction was obtained from 128D and dimethyl fumarate nor from 128A and 
1,2-dibenzoylethylene. 

Because of this failure to prepare a trans-4,5-dihydrofuran 
from a trans olefin, the reaction in Scheme XIX can only be regarded as 
stereoselective at present. Further attempts were made to gain more 
information about this reaction by increasing the scale of the reaction, 
isolating the extruded olefin and determining its geometry. However 
despite a careful search no trace of the olefin was ever detected. 

In a manner analogous to their mode of preparation, the [2+3] 
cycloaddition reactions of dihydrofurans can be considered to proceed 


via an externally stabilized ketocarbene as outlined in Scheme Xx. 
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SCHEME XX 
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Survey of the Reactivity of Various Heteroatom Dipolarophiles in 


Cycloaddition Reactions with 4-Aroy1l-4-oxazolines 

With some noteable exceptions! ,62 heteroatom dipolarophiles 
have been regarded as showing rather Sluggish reactivity in [2+3] 
cycloaddition reactions. ° However more recent work on new and more 
active 1,3-dipoles has shown the success of cycloadditions to heteroatom 
dipolarophiles to depend greatly on the stability of the 
Weidipolefer thee 

Our group has been interested in the cycloadditions of azomethine 
ylides derived from aziridines, and as part of a general program of 
developing synthetic routes to five-membered ring heterocycles, have 
reported the additions of 3-aroyl and 3-carboalkoxyaziridines to the 
following heteroatom dipolarophiles: a) the thiocarbonyl bond of 
arylisothiocyanates with the formation of 4-aroyl-5-arylamino-4- 
thiazolines,19° b) the carbon-nitrogen double bond of imines and 


m8 ©) the 


sulfonylimines with the formation of imidazolidines, 
carbon-nitrogen double bond of cyclopropenimines with the formation of 
imidazolidines and 4-imidazolines 1°? d) the carbonyl group of aldehydes 
and diphenylcyclopropenone with the formation of oxazolidines and 
4-oxazolines as reported in this Ciiccisteas. oer aes? 
Having established the structures of the products obtained from 
the [2+3] cycloaddition reaction of 4-aroyl-4-oxazolines. and acetylenic 
and olefinic dipolarophiles, attention was turned to the investigation 


of the possible reaction of the intermediate externally stabilized 


ketocarbenes with heteroatom dipolarophiles of the type studied with the 
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more stable azomethine ylides. 

Aromatic ketocarbenes have been successfully reacted in [2+3] 
cycloadditions with such dipolarophiles examples of which were shown in 
equation [32]. Though the yields from reactions of this type were fair 
to good, it was necessary to employ the dipolarophile as the solvent in 
order to trap the extremely reactive ketocarbene intermediate. This 
naturally seriously limited the choice of dipolarophilic species 
available for reaction. 

Attention was accordingly turned to the reactions of the 
4-oxazolines with dipolarophiles possessing the following reactive 


Sentersted jeU=Nob) eCHN mC)mCH0.)d)) C=6. 


C=N systems 

The following compounds were screened: a) CgHsCN, b) 
Pp-OjN-C¢Hy,CN, c) CoHeO2CCN, d) CFz(CF2)¢CN. 

As suspected, reactions involving 1:1 ratios of 4-oxazolines 
and nitriles in toluene solution under reflux produced only decomposition 
of the 4-oxazoline. The same result was observed in cases where a) and 


Gjevercrcnployedsass thessolvent.. 


C=N systems 


Reactions were attempted with the active N-sulfonylanils which 


158 


had been successfully reacted with substituted aziridines. These 


anils were solids of the following structure. 
oh 


= = Ny 3 SO 
CH=N — SO, Y 
\_ / yea tigs AY e=uNO) 
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These anils were reacted in equimolar proportions with 4-oxazolines but 
produced only decomposition of both reactants. Attempts to prepare 


liquid N-sulfonyl anils were unsuccessful. 


C=0 systems 

The following compounds were screened: a) C1zCCHO, b) 
p-O2N-Cg6H4CHO, c) 2 ,4-(di0,N)-CgHzCHO, d) C6H5N=C=0, e) p-O2N-C6H4-N=C=0. 

Once again when equimolar quantities of the reactants were 
employed in toluene solution under reflux, decomposition of the 
4-oxazoline was observed producing among other unidentified products the 
o~pyrone 100 obtained from the original 4-oxazoline decomposition 
experiment. 

However when the 4-oxazoline 70A was heated at 130° with 
phenyl s.ecy anaterim ay pressuresbortile: fornsshyitheured icoloursom the 
solution faded to yellow, and produced after isolation,a 40% yield of a 
yellow product from whose infrared, p.m.r. and mass spectra, the 


4-oxazoline-2-one structure 139 was tentatively assigned. 


0 
CgHe—t Poe 


1 JOBS 
el O 
C6Hs 
GUS 139, 


Although this compound gave a red melt at temperatures SEO ke 
did not appear to react in a further attempted [2+3] cycloaddition 
reaction with dimethylacetylenedicarboxylate in n-butylbenzene solution 
under reflux. 


The lack of reaction between 4-oxazolines and aromatic aldehydes 
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and chloral when compared with the ready cycloaddition reactions 
‘undergone by aziridines and these same aldehydes,serves to illustrate 
the great difference in stability between ketocarbenes and azomethine 


ylides as 1,3-dipoles. 


C=S system 

The dipolarophiles employed here were a) p-OjN-C¢H,-N=C=S, b) 
l-naphthylisothiocyanate, and c) phenylisothiocyanate. The first two 
being solids were reacted in equimolar proportions with the 4-oxazoline 
70A but again the only products isolated were the a-pyrone 100 and trace 
sone ae of the dipolarophiles. Due to contamination from side 
products, no clear assignment could be made of the structure of the 
product obtained from the reaction of phenylisothiocyanate under 
conditions comparable to the reaction involving phenylisocyanate as 
described above. 

The almost complete lack of success in these reactions must be 
attributed to a combination of the instability of the intermediate 
ketocarbene and the sluggish nature of the heteroatom dipolarophiles 


with such 1,3-dipoles. 
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Summary 


A series of 3-aroyl-2-arylaziridines were prepared by 
established methods, and their behaviour in [2+3] cycloaddition reactions 
with carbonyl groups as dipolarophiles has been studied in some detail. 

In Chapter [lithe cycloaddition, reactions of these aziridines 
with aromatic aldehydes and chloral to form oxazolidines has been 
established, The gross structure of the oxazolidines was demonstrated 
by detailed deuterium labelling experiments, and confirmed by acid 
hydrolysis results where the required aromatic aldehydes were isolated. 
These same labelling experiments also enabled the exact orientation of 
thescycloaddition to be determined. 

Stereochemical control experiments showed the reaction not to 
be stereospecific, for independent reactions with isomerically pure eczs 
and trans-3-aroyl-2-arylaziridines led to the identical trans 
oxazolidine. Furthermore,no epimerization at the 4-and 5-positions of 
the oxazolidine ring was detected although some decomposition was 
observed in these reactions. 

These results were rationalized by thermal conrotatory cleavage 
of the aziridine ring at the 2,3 bond to yield an intermediate 
azomethine ylide, which then reacted in a [2+3] cycloaddition reaction 
with the aldehyde to form the oxazolidine. Since isomeric mixtures of 
aziridines were invariably employed, cits and trans azomethine ylides 
were generated in situ, but due to the known sluggish nature Oreste 
dipolarophile, the cits azomethine ylide had time to isomerize to the 


thermodynamically more stable trans isomer prior to cycloaddition with 
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the aldehyde. 

The fact that with aromatic aldehydes czs,trans mixtures of 
oxazolidines were obtained,was accounted for by the fact that there 
exists two possible orientations of the aldehyde for reaction with the 
azomethine ylide (Scheme III). 

Tentative assignments of the stereochemistry at positions 4 
and 5 of the ring are“offered? “An ‘attempt was made “‘to*check’ these 
assignments of stereochemistry by an unambiguous stereocontrolled 
synthesis of cts and trans-4,5-oxazolidines, but was unsuccessful. An 
alternative adaptation of this pathway has been proposed, but lack of 
time prevented a detailed study of this method, which though it may 
well solve the tentative p.m.r. assignment problems mentioned above, 
nevertheless lacks the overall stereochemical control offered by the 
[2+3] cycloaddition method. 

This work was then extended to include diphenylcyclopropenone 
(DPP) as the dipolarophile, and reaction with the 3-aroy1l-2-arylazir- 
idines was observed to take place at the carbonyl group of DPP to form 
the little known 4-oxazoline group of compounds. A spiro-oxazolidine 
has been proposed as the initial product of [2+3] cycloaddition 
followed by rearrangement to the 4-oxazoline. Some of the details of 
this process have been elucidated by deuterium labelling studies 
(equation [104]). 

The proposed structure for these compounds rests on a 
combination of spectral evidence, chemical properties and reactions of 


the compounds, and on work by Baldwin -and coworkers , who had shown that 
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4-isoxazolines were thermally unstable and readily rearranged to 
4-oxazolines. No such reverse process was devecteduby tilese WwOrkers, 

It was TOUNd ine tie course Olethie WOlm ttate .On success1u1 
preparation of the 4-oxazoline ring Syston ticeazi1 1 cine precursor 
MUSC OM Necessity possess ascarponyl* croup at the S-position. “When 
this Wesenot the case, other products were obtained. 

The most characteristic property of these 4-oxazolines was 
their thermochromism and photochromism, which was attributed to 
contributions from charged species produced by cleavage of the ring at 
the 0-Cy bond. These observations led to successful [2+3] cycloaddition 
reactions with acetylenic and olefinic dipolarophiles to provide useful 
syntheses of furans and 4,5-dihydrofurans which occupy the bulk of 
Chapter: LV. 

While the acid hydrolysis of 4-oxazolines parallelled that of 
oxazolidines, the former series of compounds were remarkably resistant 
to bases and nucleophilic reagents. The carbonyl group could be reduced 
by lithium aluminum hydride, though it would give no normal carbonyl 
group derivatives. Once this group was reduced no further cycloaddition 
reactions took place with olefinic dipolarophiles. 

Various attempts were made to provide an independent synthesis 
of the 4-oxazoline ring system but without success. Such a synthesis 
has since appeared in the literature. 

Chapter IV concerns the chemistry of the furan and 4 ,5-dihydro- 
furan derivatives prepared from 4-oxazolines via an externally Stabilized 


ketocarbene intermediate which then added to the acetylenic or olefinic 
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dipolarophile (Scheme XVI). These reactions could proceed either 
thermally at about 1134, or under the influence of a catalytic quantity 
of a Lewis acid at 78° with considerable saving in reaction time. 

The production of the dihydrofurans was a completely 
stereospecific process which strongly suggested the concerted nature 
of the cycloaddition process. 

Significantly these 4,5-dihydrofurans also exhibited thermo- 
chromism and were found to undergo further [2+3] cycloaddition reactions 
with a suitable olefinic dipolarophile. A reaction scheme analogous to 
that invoked to explain their formation is employed to follow this 
dihydrofuran to dihydrofuran interconversion which as yet is 
SteCLeOse cet Ve. 

Finally attempts were made to react 4-aroyl-4-oxazolines with 
a variety of heteroatom dipolarophiles in [2+3] cycloaddition reactions, 
but little success was encountered due to a combination of low reactivity 
of the dipolarophile and the short lifetimes of the intermediate 
ketocarbene. 

Table XXXII summarizes the results of the examination of the 
[2+3] cycloaddition reactions of 3-aroylaziridines with heteroatom 
dipolarophiles conducted thus far by the research group of Dr. Lown. 
Product classes A, B, and C are of the type described in Chapter I1 on 
the work on oxazolidines. The only cases in which a "ring expansion" 
reaction occurs to produce class C structures arise when a powerful 
nucleophile is employed, 194 Significantly only one case has been found 
where examples of both class A and class B products have occurred and 


this deals with the addition of nitroso derivatives. Recent evidence on 
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their Diels-Alder additions to substituted dienes shows that the steric 


influence on the orientation of addition is very smal1.¢>4 
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Experimental 


1. Attempted Decarbonylation of Diphenylcyclopropenone 

A solution of diphenylcyclopropenone (0.50 g) in toluene (30 ml) 
containing cyclohexylamine (0.01 g) was heated under reflux for 24 h. 
The yellow translucent solution was cooled,and the toluene removed in 
vacuo,to give as a pale yellow solid the title compound (0.35 g, 70% 
Fecovexy)),wliepamilS.5-120 -.(110. an.p. TGA) 
Comparison of the infrared spectrum of this compound with that 


OreticwaduticitlLe Materlalecontirmed thisefinding andino, trace ot the C=C 


Stretcning trequency of diphenylacety lene was detected. 


2. Synthesis of Substituted Furans by Reaction of 4-Aroyl-4-oxazolines 
with Acetylenic Dipolarophiles 

Compounds 125E and 125F have already had their preparations 
desemuliedernichapternal hin 
3-Benzoyl-4 ,5-dicarbomethoxy-2-(cis-1,2-diphenylvinyl) furan (125A) 

A solution of 4-benzoyl-3-cyclohexy1-5- (etvs-1,2-diphenylviny1) -2- 
pheny1-4-oxazoline (0.256 g, 0.0005 mole) and dimethyl acetylenedi- 
carboxylate (0.072 g, 0.0005 mole) in toluene (30 ml) was heated under 
reflux for 15 h, by which time the initially deep red solution was pale 
yellow in colour. Concentration of the cooled solution tn vacuo, and 
chromatography ab the resulting yellow oil on grade I alumina (BDH, 25 g) 
with benzene as eluant, gave as the main fraction a yellow oil which 


slowly crystallized on trituration with heptane and chilling to give Lie 
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title furan as a yellow solid (0.10 g, 43%), m.p. 134-136° (ethanol). 
Anal, Calcd. for C5 9H5.0¢: C, 74.68; H, 4.72. 

Found! CG. /4. 0530s 45005 
Mass spectrum: 466.1416 (Cy9H270¢). Found: 466.1415. 
Pptrared spectrum va. (clClz): 1744-1710 (C=OFor, esters), 1045 cm? 
(C=C). 
P.m.r. spectrum (CDC1z): 3.56 (Simelev,) SH wcstet chs), 6o-0leisingicr. 
3H, ester CHz), 7,18-7.78 (multiplet, 15H; aryl protons), 7.86 (singlet, 


Lies vinyls proton). 


3-Benzoy1-4-carbomethoxy-2- (ets-1,2-diphenylviny1) -5-pheny1l furan (12533) 
A solution of 4-benzoy1l-3-cyclohexy1-5- (eis-1,2-diphenylviny 1) -2- 

pheny1-4-oxazoline (0.256 g, 0.0005 mole) and methyl phenylpropiolate 
(0.10 g, 0.00062 mole) in toluene (25 ml) was heated under Teriux tor 
Aeene by whichsitime the initial®red colour of the solution had changed 
to pale yellow. Concentration of the cooled solution tn vacuo, and 
chromatography of the resulting yellow oil on grade I alumina (BDH, 25 g) 
with benzene as eluant, gave a yellow oil which crystallized on 
trituration with heptane and chilling to give the title furan as a pale 
yellow solid (0.143 g, 59%), m.p. V7S=180eu(ethanc 1)”. 
Anal. Calcd. for CzzH 404: Gy TLR 5 aS 

Found:) Gey 61.643" 1554.09. 
Mass spectrum: 484.1675 (Cz2H 404). Found: 484.1678. 
Infrared spectrum Vv), (CHC1z): 1730 (G=0RGfeester) ee. 090 a (aryl 
C=0). 


P.m.r. spectrum (CDClz} 3.47 (singlet, SH, ester CHz), 7.00-7.90 
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(multiplet, 20H, aryl protons), 8.15 (singlet, 1H, vinyl proton). 


3-Benzoy1-2-(eis-1,2-diphenylviny1) -4-phenyl furan C125D) 


This compound was prepared in 56% yield, m.p. 163-165° 
(ethanol), by heating under reflux for 80 min, a solution of 4-benzoyl-3- 
cyclohexy1-5- (¢cis-1,2-dipheny 1lviny1) -2- (3-nitropheny1)-4-oxazoline 
(0.556 g, 0.001 mole) and phenylacetylene (0.11 g, 0.00108 mole) in 
xylene (60 ml). The yellow furan was isolated as previously described. 
Anal. Caled. for CzHj909: C, 87.32; H, 5.16. 

FOUN CHa Cro? .UCsahly aoa4 le 
Mass spectrum: 426.1620 (Cz jH9709). Found: 426.1624, 
Infrared spectrum Vmax (CHC1z): 1698 cmt (aroyl C=O). 
P.m.r. spectrum (CDC1z).; 6.80 (singlet, 1H, ring proton), 6/93-7.82 


(mulcip lets s20U pary le procons Je uaal/. (Singlet a ll a vinvlen not om jie 


3-Benzoy1-2-(ezs-1,2-diphenylvinyl)benzofuran (125G) 

A solution of 4-benzoyl-3-cyclohexyl1-5- (ets-1,2-diphenyl- 
viny1)-2-pheny1-4-oxazoline (0.256 g, 0.0005 mole) and diphenyl- 
iodonium-2-carboxy late“? (0.324 ¢, 02001 mole) an 1,5;55-trimethy lbenzene 
(50m, b.p. 165 ) Was heated under reflux for 20 min. ~The yellow 
solution was cooled,and the xylene removed tn vacuo, giving a yellow oil, 
which was subjected to chromatography on grade I alumina (BDH, 35 g). 
Elution with n-pentane removed aromatic by-products from the intermediate 
benzyne, while the main fraction, a yellow band was obtained by elution 
with benzene. Removal of the solvent tm vacuo, and trituration of the 


resulting yellow oil with 95% ethanol gave the title furan as a pale 
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yellow solid (0.06 g, 30%), m.p. 83-85° (ethanol). 

Anal, Calcd. for Cy9H5 905: C, 87.00; H, 5.00. 
FOUNceeCAMeOeo. ¢ MLL) 12% 

Mass spectrum: 400.1463 (C5 9H» 905). Found: 400.1470. 

Infrared spectrum vier (CHCl 2): T7005 cm! (aroyl, C=Oj% 


Betieee spectrum (CDGUz eg 720-77 se (multipletyeloHy ary Meprotonsy 9s 7534 


ineler, ln eevinyltproton). 


3-Benzoy1-4-carbomethoxy-2- (cets-1,2-diphenylviny1) furan C125) 

A solution of 4-benzoyl-3-cyclohexy1-5-(c7s-1,2-diphenylviny1)-2- 
pheny1-4-oxazoline (0.511 g, 0.001 mole) and methyl propiolate (0.084 ¢, 
0.001 mole) in benzene (50 ml) containing 4-toluenesulfonic acid 
(0.003 g) was heated under reflux for 4h. Concentration of the cooled 
yellow solution tm vacuo, and chromatography of the resulting yellow 
syrup on grade I alumina (BDH, 45 g) with benzene as eluant, gave as the 
main fraction a yellow oil which crystallized on trituration with a 
mixture of heptane and 95% ethanol and chilling to give the title furan 
as avyellow solid (0.317 g, 78%), m.p. lvoe 178 se (ethane Lys 
Anal. Caled. for Cy7H2Q904: C, ISIS HS Tsley SERS OT, 

Founda Grey 6-9See ih pe4yo2. 
Mass spectrum: 408.1361 (C,7H 5904). Found: 408.1363. 
Infrared spectrum Vmax (CHC13): 1728 (C=0 offester) 21706 cm™} (aroyl 
C=O). 
P.m.r. spectrum (CDC13): 3.54 (simelet PechtPester Che F7r12=/766 
(multiplet, 16H, aryl protons and Fins wpLroton) -ey. se Coineiety Li) 


vinyl proton). 
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3-Benzoy1-2-(czs-1,2-diphenylviny1) furo[2,3-b]naphthoquinone (125H) 

A solution of 4-benzoyl-3-cyclohexy1-5- (cts-1,2-diphenyl- 
viny1)-2-pheny1-4-oxazoline (0.40 g, 0.00078 mole) and 1,4-naphthoquinone 
(0.126 g, 0.0008 mole) in benzene (40 ml) containing 4-toluenesulfonic 
acid (0.002 s) was heated under reflux for 52 h. Concentration of the 
cooled solution in vacuo,and chromatography of the resulting brown oil 
on grade I alumina (BDH, 40 g) with benzene as eluant, gave as the main 
fraction a yellow-brown oil which crystallized on trituration with cold 
heptane to give the title furan as a yellow solid (ON2255 05 00 oe aMleDs 
Hle-120-8(ethanol)y 
Pepe es Oe Mele ea aon Caco 0,: Chmmoeen Ue Hye lie 

POUnds Gen G2, cUL iH. 4 ele 
Mass spectrum: 480.1362 (Cz2H9904). Found: 480.1358. 
epee depo ermeays MCHeIs) 61 707) (C-0eNo70vcms i C=0)e 
Pim.r. spectrum (CDC1z): 7.00-8.25 (multiplet, 19H, aryl eieroHet 


8.00 (singlet, 1H, vinyl proton). 


3-Benzoy 1-4-carbomethoxy-2- (cts-1,2-diphenyldeut eroviny1)-5- 
pheny 1 furan (127) 

A solution of 4-benzoy1l-3-cyclohexyl-5- (ets-1,2-diphenyl- 
deuteroviny1)-2-(4-nitropheny 1)-4-oxazoline (Or 55/@o 0 O0iemole mand 
phenyl methylpropiolate (0.18 g, OL001L mole) in toluene (50 ml) was 
heated under reflux for 9 h. Concentration of the cooled pale yellow 
solution in vacuo, and chromatography of the resulting yellow oil on 
grade I alumina (BDH, 35 g) with benzene as eluant, gave as the main 


fraction a yellow oil which slowly crystallized on trituration with 
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eold heptane to sive, the title furaneas «a: yellow solids (0.3l.9,1645) 
m.p. 175-177° (m.p. of protium compound 178-180°). 

Mass spectrun: 485.1753. (Czzlly zD0,). Found 485.1758. 

Vou. taespectrum (CDCI z)e. 5.40 (singlet, SH,/ester Ciz), 7.00-7.80 
Dilip let. .20R sary epcocons.) so. bow sane 6ty, (0.443 Arvi my eproton) . 


This corresponded to 57% deuterium incorporation in the furan. 


3. Synthesis of Substituted 4,5-Dihydrofurans by Reaction of 4-Aroyl-4- 


oxazolines with Olefinic Dipolarophiles 


Reaction of 4-Benzoyl-3-cyclohexyl-5- (e7s-1,2-dipheny lviny1)-2-pheny1l-4- 
oxazoline with Dimethyl Fumarate 
A solution of 4-benzoy1-3-cyclohexy1-5- (eis-1, 2-dipheny1- 

vinyl)-2-phenyi-4-oxazoline (0.511 g, 0.001 mole) and dimethyl fumarate 
(0.144 g, 0.001 mole) in toluene (50 ml) was heated under reflux for 
1 ee WTS remicine yellow translucent solution was cooled, and the 
solvent removed tm vacuo, giving a yellow oil which was subjected to 
chromatography on grade I alumina (BDH, 40 g) with benzene as eluant. 
Removal of the solvent and trituration of the yellow syrup produced 
with heptane, gave 3-benzoy1-4 ,5-dicarbomethoxy-2- (cis-1,2-dipheny]- 
vinyl)-trans-4,5-dihydrofuran (128A) as a white solid (0.34 g, 73%), 
m.p. 188-190° (absolute ethanol). 
Anal, Calcd. for Cy 9H 740: C, PSS thy Binalers 

FouidewG, 74,42; 7H, 5<16 
Mass spectrum: 468.1572 (Cyol,0¢). Found 468.1570. 
1 


Infrared spectrum v,,, (CHC12): 1736 (C=0 of ester), 1701 cm 


(aroy] C=O). 
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Eon. a. spect rum( CDCI) amo .0cu(Singict, SH. ester CHz at 4—position), 
feo sine lct hol catctaciznat so -p0Sit10n)> ad 0 ,eand 4.25 (AB quartet, 
Bie Sarin CeprOcOnG War BavomcOUlled eso EZ )en elon] Ua (Mule pled, 
LChiawaty Ieprorons sandavanyls procon) = 

The same dihydrofuran was prepared in 75% yield by heating 
under reflux for 12 h, a solution of 4-benzoyl-2-(4-biphenyly1) -3- 
Sees see ee hens lniny ed eoxacolime ae (0.5876, 0,001 mole) 
and dimethyl fumarate (0.144 g, 0.001 mole) in toluene (20 el) eet 
product was isolated as described above and was identical to this 


dihydrofuran. 


oxazoline with Dimethyl Fumarate under Conditions of Acid Catalysis 

A solution of 4-benzoyl-3-cyclohexyl-5- (eis-1,2-diphenylviny1)- 
2-phenyl-4-oxazoline (0.08 g, 0.00016 mole) in benzene (20 ml) containing 
4-toluenesulfonic acid (0.001 g) was prepared and shaken for a few 
moments till the characteristic wine-red colour was imparted to the 
solution. Dimethyl fumarate (0.023 g, 0.00016 mole) was added and the 
solution heated under reflux for 45 min. The yellow translucent 
solution obtained was concentrated in vacuo, and the resulting yellow 
oil was subjected to chromatography on grade I alumina (BDH, 15 g) with 
benzene as eluant. Removal of the solvent and trituracionsor the 
product yellow syrup with cold heptane gave 3-benzoyl-4,5-dicarbomethoxy- 
2-(cis-1, 2-diphenylviny1) -trans-4 ,5-dihydrofuran (128A) as a white 
solid (0.05 g, 69%), m.p. 188-190° (absolute ethanol). 


Anal, Calcd. for Cy9H74%%: C, Tih Nees Vebeg “ays IMDS 
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HOUnd Us 14.2429 ono. 
Mass spectrum: 468.1573 (C5oH> 406) - POUnd: m4 Oon lou l. 
Infrared spectrum vja, (CHC1z): 1736 (broad, C=0 of ester), 1702 oa 
(C=O of benzoyl group). 
Petiebaeopecerum (CDGIZ) Sl loa(singlet , SH, ester CH3), 3.72 (singlet, 
3H, ester CHz), 4.06 and 4.24 (AB quartet, 2H, 4,5 ring protons, trans 
eounled,.J = 3.8,Hz), 7. 18-7.98 .(multiplet, §16H, aryl protons and 
Vidi Vela pr Ot OM)... 

This same dihydrofuran (128A), was prepared in 69% yield by 
heating under reflux for 50 min, a solution of 4-benzoyl-3-cyclohexyl- 
5-(cets-1,2-diphenylviny1) -2- (4-nitropheny1) -4-oxazoline (Op>o omer 
0.001 mole) and dimethyl fumarate (0.16 g, 0.0011 mole) in toluene 
(50 ml) containing 4-toluenesulfonic acid (0.002 g). The product was 
isolated as described above and was identical in all respects with that 
compound, 

In a further experiment the above dihydrofuran (128A) was 
prepared in 65% yield, by heating under reflux for 100 min, a solution 
of 4-benzoy1-3-cyclohexy1-5- (cis-1,2-dipheny lviny1)-2-(3-nitropheny1)-4- 
oxazoline (0.556 g, 0.001 mole) and dimethyl fumarate (0.16 ¢, 0.0011 
mole) in toluene (50 ml) containing 4-toluenesulfonic acid (0.002 g). 
The product was isolated as described above and was identical with 


that compound. 
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Reaction of 4-Benzoyl-3-cyclohexyl-5~-(¢zs-1,2-dipheny1viny1) -2-phenyl-4- 
oxazoline with Dimethyl Maleate 

MeSOluUtION vO the title 4-oxazoline (0,511 ¢,) 0.001 )mole} and 
dimethyl maleate (0.144 g, 0.001 mole) in toluene (50 ml) was heated 
under reflux for 22 h. The product was then isolated as previously 
described, to give a cts,trans mixture of 3-benzoyl-4,5-dicarbomethoxy- 
2-(cts-1,2-diphenylvinyl)-4,5-dihydrofuran as a white solid (0.31 g, 
66%), m.p. 159-177° (absolute ethanol). This mixture was shown by p.m.r. 
Poeconsist, Of d0/8:22)ereatoO Trans ratio) DUutsno Sscparacion could be 
performed. 
irae Calcd setor CogHy 40g: Cen As SG ain aL oe 

Hound sa Gea 74.52 ee onto. 

Mass spectrum: 468.1572 (CoH 496) - Found s8466, 15/0. 


Infrared spectrum v (CHC1z): 1742 (C=0 of ester), 1699 cm? (C=0 of 


max 
benzoyl group). 
P.m.r. spectrum (CDC1z): 3.57 (singlet, 6H, ester CHz), 3.69 and 4.10 
(AB quartet, 2H, 4,5 ring protons, ¢zs coupled, J°= 11.5 Hz), 7.17-7.83 
(multiplet, 16H, aryl protons and vinyl proton). 

This reaction was also performed under conditions of acid 


catalysis to give the above isomeric dihydrofuran 128B in 58% yield as 


an 82:18 cis-trans mixture as estimated by p.m.r. spectroscopy. 
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3-Benzoy1-4 ,5-dicarboethoxy-2-(ezs-1 ,2-diphenyl vinyl) -trans-4,5- 
dihydrofuran (128C) 

This compound was prepared in 39% yield as a white solid, m.p. 
114-115" (absolute ethanol), by heating under reflux for 75 min, a 
solution of 4-benzoyl-3-cyclohexyl-5- (cis-1,2-diphenylviny1)-2-pheny1-4- 
oxazoline (0.511 g, 0.001 mole) and diethyl fumarate (0.172 g, 0.001 
mole) in benzene (50 ml) containing 4-toluenesulfonic acid (0.002 Oe 
The product was isolated as previously described. 
Anal. Calcd. for CzjH 90,6: C, US UOe 1ohy OSe) ose. 

sere? (Gy (iyites 1s silts. 

Mass spectrum: 496.1886 (Cz,Hj90,). Found: AVG mse ze 
Infrared spectrum Vjyax (CHC1<): 1/5 5er(G=OnO PReS tei) pant OOS cm7l (benzoyl 
C=0). 
P.m.r. spectrum (CDC1lz): 0.64 (triplet, 3H, ester CHz), 1.09 (triplet, 
3H, ester CHz) 3.48(quartet, Prpwesters Cp) ea UM (quartetyeiiGeesiter 
CHo), 3.97 and 4.12 (AB quartet, 2H, 4,5 ring protons, trans coupled, 


Dee evenzy 7 ele=7.94)(Onultiplet >, lol; aryl protons and vinyl proton). 


3-Benzoy1-4,5-dicarboethoxy-2- (e7s-1, 2-di henylvinyl)-cezs-4,5- 





dihydrofuran (128D) 

This compound was prepared in 51% yield as a white solid, mp. 
141-142° (absolute ethanol) by heating under reflux for 24 h, a solution 
of 4-benzoy1-3-cyclohexy1-5-(ets-1, 2-dipheny lviny1)-2-pheny1-4-oxazoline 
(0.511 g, 0.001 mole) and diethyl maleate (0.172 g, 0.001 mole) in 
toluene (50 ml) and employing the isolation procedure previously 


described. 
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Ana los Calcd. ator celnseor. Cee 7m. 00 2SHEeS TOS 

POUnG ; em diy OM amon 
Mass spectrum: 496.1886 (Cz 1H, 996) - Found?" 496, 18837 
Infrared spectrum v,,,, (CHC13): 1735 (broad, C=0 of ester), 1698 em™! 
(benzoyl C=0). 
Pem.e. spectrum (CDUCIs el 06-1950" (two groups of overlapping triplets, 
6H, ester CHz), 3.90-4.24 (overlapping quartets, 4H, ester Cio )e) 2-74 
atueyel4) (\Bequanctet ech a4 soetingsproctons across coupledseJe= lleoehizys 
7.12-7.97 (multiplet, 16H, aryl protons and vinyl proton). 

This same dihydrofuran (128D) was prepared in 60% yield by 
heating under reflux for 25 h, a solution of 4-benzoyl-3-cyclohexyl- 
5-(cis-1,2-diphenylvinyl)-2- (4-nitrophenyl)-4-oxazoline (1.11 g, 

0.002 mole) and diethyl maleate (0.35 g, 0.00203 mole) in toluene 
(100 ml). The product was isolated as previously described. 

A 39% yield of dihydrofuran (128D) was also obtained by the 
acid catalyzed procedure. A solution of 4-benzoyl-3-cyclohexy1-5- (ets- 
1,2-dipheny lvinyl)-2-phenyl-4-oxazoline (0.256 g, 0.0005 mole) and 
diethyl maleate (0.086 g, 0.0005 mole) in benzene (25 ml) containing 
4-toluenesulfonic acid (0.002 g) was heated under reflux for 6 h. The 


product was isolated as described above. 


3-Acety1-4 ,5-dicarbomethoxy-2- (ets-1,2-diphenylviny1)-trans-4,5- 
ee ne ogee en ee ie ee 
dihydrofuran (128E) 

This compound was prepared in 25% yield as a white Sotidy mep. 


144-145° (absolute ethanol) by heating under reflux for 25 min, "a 
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solution of 4-acetyl-3-cyclohexyl-5-(cis-1,2-diphenylviny1)-2-pheny1-4- 
oxazoline (0.449 9g, 0.001 mole) and dimethyl fumarate (0.144 g, 0.001 
mole) in o-xylene (50 ml) containing 4-toluenesulfonic acid (0.002 g). 
The product was isolated as described above. 
pial ee Calcd. foreCondoo0ee 1G. (02925 Hoe5. 46. 

FOUN Cia yms/ OnOUs eLinw tm), OO 
Mass spectrum: 406.1416 (C4j,H570¢). Found: 406.1416. 
imemaredespect rumen, .9( CHGUs Je 1/50. (C=O of estex) 1695 cn7l (acetyl 
C=0). 
Pome tee spectrum (GUG1,) sal G0) (singlet, 3H, -acety 1 Ciz)9 3.64 (singlet, 
3H, ester CHz), 3.72 (singlet, 3H, ester CHz), 3.72 andg4. 2) S(ABequartec, 
Pipe esac ne potonshmc hanemcoupled. .Je—-ms, Sez) ,a/ico-y 82) (multiplet, 


11H, aryl protons and vinyl proton). 


Reaction of 4-Benzoyl-3-cyclohexy1-5- (ceis-1,2-diphenylviny1) -2- (4- 
nitrophenyl)-4-oxazoline with Acrylonitrile 

A solution of the title 4-oxazoline (0.556 g, 0.001 mole) and 
acrylonitrile (0.06 g, 0.00114 mole) in toluene (50 ml) was heated under 
reflux for 15 h. The cooled yellow solution was concentrated to low 
bulk and subjected to chromatography on grade I alumina (CoD, 5072). 
Eultion with benzene afforded two fractions which on solvent removal 
in vacuo gave i) a yellow oil, ii) a colorless onmils 
Fraction (1): This yellow oil, (0.30 g), which could not be Srystallized: 
was found by tee to consist of one major component contaminated by 
two minor ones from which it could not be separated. The main component 


was found to be C-(4-nitropheny1)-N-cyclohexy1methylimine by 
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compatibility of its spectral data with that of authentic material 
synthesized for comparison purposes. One of the minor components was 
4-nitrobenzaldehyde as deduced from the i.r., p.m.r. and mass spectra. 
Details of the major component are: 
Mass spectrum: 232.1211 (CjsHj¢Nj09). Found: 232.1209. 
Infrared spectrum: 1640 (C=N), 1523 (NO), 850 cm! (1,4-disubstituted 
benzene ering)". 
P.m.r. spectrum. (CDC1z): 1.05-2.20 (multiplet, 10H, cyclohexy] CH) ; 
2.88-3.96 (multiplet, 1H, cyclohexyl CH), 7.44-8.30 (multiplet, 5H, aryl 
protons and imine CH). 
Fraction (ii): This colorless oil was induced to crystallize by 
trituration with heptane containing a little 95% ethanol to give 
3-benzoyl-4-cyano-2-(cis-1,2-diphenylviny1)-4,5-dihydrofuran as a white 
solid (0.105 g, 28%}, m.p. 184-186° (absolute ethanol). 
Anal. Calcd. for Cy¢Hj NO: C, eS HOS UE SUES NC aie ale 

Found: GRBS2olceHe 5.055 Nia, 00% 
Mass spectrum: 377.1416 (C¢Hj N02). Found: 377.1417, 
Infrared spectrum vp. (GHCI <i 822259(C=N) he R704 cm! (G=0) 
P.m.r. spectrum (CDClz): ABX spectrum centered at 3.68 (Hy); 5, LUMI yi 
and 2.89 (Hc), respectively (Jap = GL 0giZ ee = 4-5 Hz5 IRs lee oelize 
4 and 5 ring protons, from first order treatment), 7.23-7.80 (multiplet, 


16H, aryl protons and vinyl Droton)s 
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AesOlutTOn,o& the title 4-oxazoline (1.022 ¢, 0.002 mole) and 
trans-1,2-dibenzoylethylene (0.480 g, 0.00204 mole) in toluene (100 ml) 
containing 4-toluenesulfonic acid (0.009 g, 0.00005 mole) was heated 
under reflux for 7h. Concentration of the cooled pale orange solution 
tn vacuo, and chromatography of the resulting orange oil on grade I 
alumina (BDH, 75 g) with a 2:3 mixture of hexane and benzene as solvent, 
gave as the main fraction a pale yellow oil which crystallized on 
trituration with cold hexane containing a few drops of 95% ethanol to 
give a cis,trans mixture (2:1 by p.m.r.) of 2-(e1s-1,2-diphenylvinyl)-3, 
4,5-tribenzoy1-4,5-dihydrofuran as a white Solids (One Oe e476) ell. D's 
188-189° (absolute ethanol). The isomers were separated (upper and 
lower bands) by preparative t.]l.c. on silica plates with benzene as 
eluant. 

Upper band: A colorless oil was obtained which crystallized on tritura- 
tion with hexane to give 2-(cts-1,2-diphenylvinyl)-3,4,5-tribenzoyl-czs- 
4,5-dihydrofuran (128J) as a white SOU aM: det oo solo leo slabsolure 
ethanol). 
Anal. Calcd. for CzgH7Q04: C, 83.57; H, 5.0 

POU On OO GO eH seo. 
Mass spectrum: 324.1150 (Cy3Hj),602; M-C16H 202) and 236.0837 (Ci6H1202; 
M-C>zH 602). Found: 324.1151 and 236.0839. 
Infrared spectrum ae (CHC1z): 1706 (C=O of unconjugated benzoyl 


groups), 1685 cm7 + (conjugated benzoyl C=0). 
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Vaile Geopecc rum (CDC12): 4.85 and 5.23 (AB quartet, 2H, 4,5 ring 
PLrocons.ets coupled.) = /7.l9Hz), 6.90-/7.68 (multiplet, 26H, aryl 
protons and vinyl proton). 

Lower band: From this a pale yellow oil was obtained which was 
induced to crystallize as described above to give 2-(cezs-1,2-diphenyl- 
viny1)-3,4,5-tribenzoyl-trans-4,5-dihydrofuran (128H) as a white 
solid, m.p. 125-128° (absolute ethanol). 

Anal, Found for CzoH7g0,: C, 83.46; H, 5.50. 

Mass spectrum: 324.1154 (Cy3H)¢602) and 236.0839 (Cj¢6Hj202). 
Infrared spectrum Vmax (CHC13z): 1705 (C=O of unconjugated benzoyl 
groups), 1676 cm-! (conjugated benzoyl C=0). 

P.m.r. spectrum (CDC1lz): 4.89 and 5.42 (AB quartet, 2H, 4,5 ring 
protons, trans coupled, J = 4./5 Hz), 6.92-7.34 Cieneee ost 


aryl protons and vinyl proton). 


3-Benzoy 1-4-carbomethoxy-2- (cis-1,2-diphenylviny1) -4,5-dihydrofuran 
(128k) 

A solution of 4-benzoyl-3-cyclohexy1-5-(ets-1,2-dipheny1- 
vinyl)-2-pheny1l-4-oxazoline (0.511 g, 0.001 mole) and methyl acrylate 
(0.09 g, 0.00105 mole) in toluene (SO ml) was heated under reflux 
for 19 h. Work-up of the product as described above gave the title 
dihydrofuran as a white SOllae(0e24220,050 6) all. De 150-152° (absolute 
ethanol). 

Anal, Calcd, sL0r C5 7H 904: Gre 76 Ose ee oe 
Rois (py (GR lls Sa Sek 


Mass spectrum: 410.1518 (Cy 7H5904) - Found: 410.1528. 
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Infrared spectrum y,,, (CHCl2): 1732. (ester C=0) ; 1698 en! (benzoyl C=0). 
Hemeneespectrum (CLCiz) seAbX spectrum centered at 3.60 (Hy) 20 Ge (ins 
and 2.73 (Hc) respectively (Jap = 9.4 Hz, Jac = 4.1 Hz, Jp-p = 14.9 Hz3 
Asindso Linewprotonspi rometixsteorder treatment) 593,02. (singlet. 3H, 


ester CHz at 4 position), 7.20-7.88 (multiplet, 16H, aryl protons and 


vinyl proton). 


3-Benzoy1-2-(cts-1,2-diphenylviny1) -4-nitro-5-phenyl-trans-4,5- 
dihydrofuran (128L) 

A solution of 4-benzoyl-3-cyclohexy1-5- (ets-1,2-diphenylviny1)-2- 
pheny1-4-oxazoline (0.256 g, 0.0005 mole) and w-nitrostyrene (0207582, 
0.0005 mole) in toluene (25 ml) was heated under reflux for 24 h. 

Work-up of the product as previously described gave the title dihydro- 
furan as a white solid (0.024 g, 10%), m.p. 197-199° (ethanol). 
Anal. Calcd. for Cz,HzN0q4: C, 78.65; H, 4.86; N, DEN Oe, 
iFayeigtaks, 1G, FASS Gh eee IA Si 
Mass spectrum: 473.1698 (Cz 1Ho 3NOq). HOUR CLEC oelOU.o. 
Infrared spectrum vax (CHC1z): 1701 (C=O) eeiS50 cm7! (NO2). 
P.m.r. spectrum ((CDCIz): (4.53 anda 5.40)(AB quartet, 2,94, 59rinp) protons , 
trans coupled, J = 5.2 Hz), 6.86-7.95 (multiplet, 21H, aryl protons and 


vinyl proton). 


3-Benzoy1-2-(¢is-1,2-dipheny lviny1)-S-pheny]furo[2, 3-c]pyrrolidinedione 
(128M) 
This compound was prepared in 66% by the method described by 


Smalley ,25 m.p. 222-224° (lit. 222-224°). 
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2~ (cts-1,2-Dipheny lviny1) -5-pheny1-3- (4-toluoy1) furo[2,3-c]pyrrolidine- 
dione (128N) 

This compound was prepared in 64.5% yield as a white solid, m.p. 
155-158° (heptane), by heating under reflux for 48 h, a solution of 
5- (ets-1,2-dipheny lviny1) -3-isopropy1-2-pheny1-4- (4-toluoyl)-4-oxazoline 
(0.256 g, 0.0005 mole) and N-phenylmaleimide (0.10 g, 0.00058 mole) in 
toluene (30 ml). The product was isolated as previously described. 
Mia leeGalcd, f£OrsCzaliaeNOa. Gy) /9.04 Hy 4895 N82, /4. 

BOuUnd Ge @/o..0 5-8 tw. SNe Zeus 

Mass spectrum: 511.1784 (Cz,Hj5NO4). Found: 511.1783. 
Infrared spectrum v,,, (CHClz): 1780 and 1725 (C=0 of cyclic meee 
1705 cm7! (toluoyl C=0). 
Pom-c. spectrum (CDC1z); 2.38 (singlet, 5H, toluoyl CHz), 4.05 and 4.09 


CABeGQuartet we 2H sertice junctions protons cre coupled. J, =)9,25 Hz) 


6.80-8.00 (multiplet, 20H, aryl protons and vinyl proton). 


3-Benzoyl-cis-8,9-dihydro-2- (cis-1,2-diphenylviny1) furo[2,3-b ]benzo-~ 
quinone (128P) 

A solution of 4-benzoyl-3-cyclohexy1-5- (e7s-1,2-diphenyl- 
viny1)-2-pheny1-4-oxazoline (0.511 g, 0.001 mole) and 1,4-benzoquinone 
(0.324 g, 0.003 mole) in benzene (50 ml) containing 4-toluenesulfonic 
acid (0.002 g) was heated under reflux for 2 h. Concentration of the 
cooled solution in vacuo, and chromatography of the resulting yellow gum 
on grade I alumina (BDH, 40 g) with benzene as eluant gave two main 
fractions. From the first was isolated unreacted 1,4-benzoquinone 


(0.040 g) as determined by spectral comparison with authentic material. 
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The second fraction when worked-up as described before gave the title 
dihydrofuran (0.043 g, 10%), m.p. 190-193°. 
Anal, Caled. for CygHo 904: C, 80.56; H, 4.63. 
Hounds GatS0 07.2 24H Aa 3/2 
Mass spectrum: 432.1367 (Cy9H7904). Found: 432.1367. 
Ingraredsspectrum 4,0 cHGls): L705 (benzoyl .C=0) ) 1665 .and,1043 cm} 
GC=O%0n ring). | 
Bam Gemspectrum, (CDCI, ) 285. 75-4.03 (multiplet a2) ering junction protons), 


6.40-7.90 (multiplet, 18H, aryl protons and vinyl proton). 


3-Benzoy1-10,11-dihydro-2- (cis-1,2-diphenylviny1) furo[1,2-b]acenaphtha- 
dene Ch2380} 

This compound was prepared in 75.6% yield as a pale yellow 
Solid, m.p. 210-212° (ethanol), by heating under reflux fOr loon, a 
solution of 4-benzoyl-3-cyclohexy1-5-(etis-1,2-diphenylviny1) -2-pheny1-4- 
oxazoline (0.511 g, 0.001 mole) and acenaphthalene (Onl52 eo U0lemole) 
in benzene (50 ml) containing 4-toluenesulfonic acid (0200256) eine 
product was isolated as previously described. 
Anal. Calcd. for Czc5H 49: CyoSec4: feo. 04. 

Bounds oo. 2Ug Hs o. 7. 

Mass spectrum: 476.1775 (CzcH5 409). Found: 476.1776. 
Infrared spectrum Vyqx (CHC13): 1695 cm! (C=0). 
P.m.r. spectrum (CDC13): 4.58 and 4.68 (AB quartet, 2H, ring junction 
protons, cis coupled, J = 6.4 Hz)y0.01-=7.09) (Multiplier 210, aryl 


protons and vinyl proton). 
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Control Reactions on Olefinic Substrates Required for Stereochemical 
Studies 

Dimethyl maleate 

a) A solution of dimethyl maleate (1.44 g, 0.01 mole) in toluene (100 
ml) was heated under reflux for 24h. Removal of the solvent in vacuo 
Pavesos colorless oll which was shown by ¢.1.¢c. and )..r. tO CONSISt OL 
a 84:16 mixture of dimethyl maleate and dimethyl fumarate. 

b) A solution of dimethyl maleate (0.72 g, 0.005 mole) and cyclohexyl- 
amine (0.49 ¢, 0,005 mole) in toluene (50.ml) {was heated under reflux 
for 24 h. Removal of the solvent and cyclohexylamine in vacuo gave a 
white solid (0.65 g), m.p. 96-98°. This was shown by p.m.r. and 
undepressed mixed melting point with authentic material to be dimethyl 
fumarate. This corresponded to 90% isomerization. 

c) A solution of dimethyl maleate (1.44 g, 0.01 mole) and C-pheny1-N- 
cyclohexylmethylimine (1.87 g, 0.01 mole) in toluene (50 ml) was heated 
under reflux for 24 h. Removal of the solvent gave a pale yellow oil 
the p.m.r. spectrum of which showed a 88:12 mixture of cts and trans 


isomers. 


trans-1,2-Dibenzoylethylene 

A solution of trans-1,2-dibenzoylethylene (0.236 g, 0.001 mole) 
and cyclohexylamine (0.099 g, 0.001 mole) in toluene (20 ml) was heated 
umder reflux for 24h. The solvent and cyclohexylamine were removed in 
vacuo giving a yellow-brown 011, which was placed under vacuo (0.05 mm) 


for 24 h. Examination of this product by p.m.r. showed that 
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cyclohexylamine had added to the olefinic substrate. Since this Oily 


product contained three components, no isolation of the adduct was 


possible, 


a) 3-Benzoy1-4,5-dicarboethoxy-2- (cts-1, 2-diphenylviny1) -cts-4,5- 
dihydrofuran (128D) 

i) <A solution of the title compound (0.05 g, 0.0001 mole) in toluene 
(20 ml) containing cyclohexylamine (0.02 g, 0.0002 mole) was heated 
under reflux for 24h. Removal of the solvent tn vacuo gave the starting 
material as a white solid (0.015 g, 30% recovery), m.p. 138-140°. 

ii) A solution of the title dihydrofuran (0.08 g, 0.00016 mole) in dry 
methanol (15 ml) containing sodium methoxide (0.026 g, 0.00048 mole) was 
HNearedseunderere f]1ixXe1 Ot sulle CONCENETalTOneOm tice cooledayel low 
solution tm vacuo gave an orange gum, the organic portion of which was 
taken up in benzene, and washed with water,and then dried (Na,S0,). 
Removal of the solvent 1%” vacuo gave a pale yellow oil,which crystallized 
on trituration with 95% ethanol to give 3-benzoyl-4,5-dicarbomethoxy- 
eee er er ine ree atee ca byarotanan (128A) as a white solid 
(0.03 g, 40%), m.p. 186-188° (ethanol). 

.This compound was identical in all respects with the dihydro- 
furan obtained from the [2+3]cycloaddition reaction of the 4-oxazoline 
(70A) and dimethyl fumarate. 

iii) A solution of the title dihydrofuran (0.10 g, 0.0002 mole) in dry 
methanol (10 ml) containing sodium methoxide (ca. 0.005 g) was heated 


under reflux for 30 min. The cooled yellow solution was concentrated 
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tn vacuo, and the yellow oil obtained was dissolved in benzene, washed 
with water, and then dried (MgSO,). Removal of the solvent in vacuo, 
and trituration of the yellow oil obtained with cold heptane gave 
3-benzoy1-4-carboethoxy-5-carbomethoxy-~2-(czs-1,2-diphenylviny1) -trans- 
4,5-dihydrofuran (128F), as a white solid (0.045 g, 46%), m.p. 163-164° 
(absolute ethanol). 
Meee a le, TOEU Maras ateleg CzQHo 606: Grey A. GOs" Heo 259s 

FoundiaG.) (4.472 Hi S.241% 
Mass spectrum: 482.1729 (CzH7¢0¢). Found: 482.1724. 
Infrared spectrum v4, (CHCl<): 1732 (ester C=0), 1701 cm7 + (benzoyl 
C=0). 
P.M.R. spectrum (CDClz): 0.75 (triplet, SH, ethyl ester CHz), 3.52 
(quartet 2H, sethyl ester Cho)5 5.71 (singlet) sty) methy ls ester CHz),; 


AvOSeand 4.225 (ABsquartet, 2Hs94,5 ring protons, crans coupled, 


J= 3.5 Hz), 720-7.93) (multiplet, 16H, aryl protons and vinyl proton). 


b) 3-Benzoyl-4,5-dicarbomethoxy-2- (ezs-1,2-diphenylviny1)-4,5- 
dihydrofuran (128B, cts:trans as S2ere)s 

A solution of the title isomeric dihydrofuran (0.07 g, 0.00015 
mole) in dry methanol (20 ml) containing sodium methoxide (0.010 g, 
0.00018 mole) was heated under reflux for 45 min. Work-up of the 
solution as described above gave 3-benzoy1-4,5-dicarbomethoxy-2- (e7s- 
1,2-diphenylviny1) -trans-4,5-dihydrofuran (128A) as a white solid | 
(0.03 g, 43%), m.p. 185-187°. This product was identical in all respects 
to the authentic (128A). 


Parallel experiments on the trans-dihydrofurans (128A and 128C) 
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Showed them to be configurationally stable,as were the olefins diethyl 


and dimethyl fumarate,to isomerization under the reaction conditions. 


In this series of reactions 4-benzoyl-3-cyclohexy1-5- (e7s-1,2- 
dipheny lviny1)-2-pheny1-4-oxazoline (70A) was reacted in benzene 
solution with dimethyl fumarate under the influence of various acid 
catalysts to yield exclusively 3-benzoyl-4,5-dicarbomethoxy-2-(e7ts-1,2- 
diphenylvinyl)-trans 4,5-dihydrofuran (128A). The reaction with 
4-toluenesulfonic acid has already been described in detail. 

a) Acetic acid 

A solution of the 4-oxazoline (0,256 ¢, 0.0005 mole) in benzene 
(30 ml) containing glacial acetic acid (ca. 0.006 g) was prepared. No 
red colour was imparted to the solution. Dimethyl fumarate (0.072 g, 
0.0005 mole) was added,and the solution heated under reflux for 11h. 
Concentration of the cooled yellow solution tn vacuo, and chromatography 
of the oil produced in grade I alumina (BDH, 30 g) with benzene as 
eluant gave two main fractions. From the first solution was obtained 
unreacted 4-oxazoline (0.115 g, 45% recovery), m.p. 158-160°, From 
the latter solution the expected trans-4,5-dihydrofuran (128A) was 
phtainedsaseawhitessolid:(0.055 2, 2525%) yemep.. 187-189". 

Dime sulturd ceacrd 

The reaction was repeated with 0.1N sulfuric acid (0.006 g) as 
catalyst. This time a pale red colour was imparted to the solution on 
reflux and faded after 4h. The product dihydrofuran (128A) was 


isolated as previously described (0.125 g, 53%). 
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€)* eZine chloride 

With this catalyst (0.003 g) a pink colouration was imparted 
COs thesreaceion muxture son shakine for ca, Simin, at room temperature. 
The colour deepened on heating and the reaction was complete in 3z h. 
The product yield was 59%. 
djmeotann1c chloride (02006 ¢). 

An immediate red colour was imparted to the solution at room 
temperature on addition of the catalyst. The reaction was complete in 
50 min under reflux to give the dihydrofuran in 51% yield. 

e) Aluminum chloride (0.003 g). 

An immediate red colour was imparted to the solution at room 
temperature on addition of the catalyst. After 27 h under reflux the 
reaction was complete and the product was isolated in 63% yield. 

f) Boron trifluoride-Ether Complex (0.006 g). 

An immediate bright red colour was imparted to the solution at 
room temperature on addition of the catalyst. The reaction was complete 
after 45 min under reflux and the product obtained in 68% yield. 

g) Diphenyliodonium lodide (0, 003ee)r. 

No immediate red colouration was adopted by the solution on the 
addition of diphenyliodonium iodide prepared by the method OlLeberineeds 
and coworkers .2>/ Atethesbouline point ot benzene: the red) colour 
appeared,and the reaction was complete in 40 min, giving a 62% yield 


of the dihydrofuran. 
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[2+3] Cycloaddition reactions of 3-Aroyl-4,5-dihydrofurans 


BS OU ab ole Olan oe one aT DONO ON 2 eee Zed pbeny | 
vinyl1)-trans-4,5-dihydrofuran with N-Phenylmaleimide 

ResOluUtTOn Of thestatle dihydrofuran (02161 >¢,°0.00034 mole) 
and N-phenylmaleimide (0.060 g, 0.00034 mole) in n-butylbenzene (25 ml) 
was heated under reflux for 23 h, by which time the red solution had 
faded to a straw colour. Concentration of the cooled solution tn vacuo, 
and chromatography of the resulting yellow syrup on a grade I alumina 
(BDH, 50 g) with benzene as eluant, gave a yellow oil which crystallized 
on trituration with cold 95% ethanol to give 3-benzoyl-2-(cezs-1,2- 
dipheny lviny1)-5-phenylfuro[2,3-c]pyrrolidinedione (128M) as a white 
solid (0.046 g, 27%), m.p. 218-220° (absolute ethanol). 
Anal. Calcd. for CzzHozNOq: C, 79.64; H, 4.85; N, 2.87. 

Found: 9G, "792253 HOR4zo0geN 83700" 

Mass spectrum: 497.1627 (CzzH73NO4). Found: 497.1631. 
Infrared spectrum vj4x (CHC13): 1780w, 1725 (cy cllac imidewesa 1698 sh 
cml (benzoyl C=O). 
Poem. xr. Spectrum (CDC12): BrOoMand#4y55 "(ABW quartetyezhs ring junction 
protons, cis coupled, J = 9.05 Hz), 6.95-8.08 (multiplet, 21H, aryl 


protons and vinyl proton). 


Reaction of 3-Benzoyl-4,5-dicarboethoxy-2-(ezs-1,2-dipheny1- 
vinyl)-trans-4,5-dihydrofuran with N-pheny lmaleimide 
A solution of the title dihydrofuran (0.10 g, 0.0002 mole) and 


N-phenylmaleimide (0.038 g, 0.00022 mole) in tetrahydronaphthalene 
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(25 ml) was heated under reflux for 1.3/4 h, by which time the red 
solution had faded to a straw colour. The product was isolated in the 
manner described above as a pale yellow oil,which crystallized on 
trituration with heptane containing a few drops of 95% ethanol to give 
3-benzoy1-2-(cts-1,2-diphenylviny1)-5-phenylfuro[2,3-c] pyrrolidinedione 
(128M) as a white solid (0.015 g, 15%). This.compound was shown to be 
identical with authentic material synthesized from a 4-oxazoline and 
N-phenylmaleimide, and with the product obtained from the previous 


reaction. 


Reaction of 4-Benzoy1-3-cyclohexy1-5-(ets-1,2-diphenylviny1) -2-pheny1-4- 





oxazoline with Phenylisocyanate 

Alsolution sor tiestitie 4-oxaz0lines (02 Sligo 05001 enode) gin 
phenylisocyanate (15 ml) was heated at 130° in a pressure bottle for 
S h. The yellow solution was cooled, the bottle opened, and the excess 
phenylisocyanate removed by distillation (bath temp. 150-7 OROZ mn) 
The orange residue was taken up in a little benzene, and Subjected to 
chromatography on grade I alumina (BDH, 50 g) with benzene as eluant. 
Removal of the solvent from the main yellow fraction gave an 011 which 
crystallized on trituration with cold 95% ethanol to give 4-benzoyl- 
5-(czis-1,2-dipheny lviny1)-3-pheny1-4-oxazoline-2-one as a yellow Solda 
(0.17 g, 40%), m.p. 178-181° (orange melt which turned red at 2250). 
Mass spectrum: 398.1540 (Co9H2QNO; M-CO7). Found: 398.1544, 
Infrared spectrum v,4, (CHC13): 1777s, 1L/60SM(E=0) 291657 cm CG=C)< 


P.m.r. spectrum (CDC13): 6.60-8.08 (aryl protons and vinyl proton). 
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